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was also decreased in group B (P=0.015). Results presented 
show that both granulocyte and monocyte phagocytic functions 
are altered in breast cancer patients early in the disease process, 
and arc not caused by potentially myelosuppressive therapy [5]. 
Differences in these functions, which existed at the time of 
diagnosis, seem to be related to the progressi n of the disease 
and therefore could be of prognostic indue. 
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A New Model for the Interaction of 
EGF-like Ligands With Their 
Receptors: the New One-Two 

WJ. Gullick 

Overexpression or mutation of the type 1 growth factor recep- 
tors and their ligands occurs frequently in human tumours, and 
in some cases is associated with prognosis and response to 
treatment. A deeper understanding of meir; r mechaiusm$r of ; 
activation would be useful in the design of receptor inhibitors. • . 

For some years, the accepted model for interaction of epider- 
mal growth factor (EGF) with its receptor has been that one 
ligand binds to a receptor monomer, and that this is followed by 
receptor dimerisadon, forming a complex of two receptors and 
two ligands (2:2). I wish to consider a new model in which a 
single molecule of EGF binds to a receptor dimer (1:2). 

Such a complex is necessarily asymmetric as EGF itself is 
asymmetric. This, therefore, requires that one face of the ligand 
binds to one site in the first receptor (site A) and, through 
another part of its surface, to a different site in the second 
receptor (site B). Is there any reason to believe that this could 
occur? Inspection of the primary sequence of the extracellular 
domain of the EGF receptor suggests a possible explanation in 
that this is composed of two related sequences, each containing 
a region rich in cysteine residues associated with another 
sequence. Experiments from Schlessinger and colleagues have 
demonstrated that the more C-terminal (domain III) of the n n- 

Gorrespondence to W.J. GuUick at the ICRF Oncology Unit, Ham* 
mersmith Hospital, London W12 0NN, U.K. 
Received 1 Aug. 1994; accepted 24 Aug. 1994. 



cysteine rich regions is largely responsible for ligand binding 
[1], but that mutations in the second N-terminal equivalent 
region (domain I) also, but less fundamentally, affect binding 
[2]. It is possible, therefore, that ligand binding occurs first to 
site A (domain III) in a monomer with moderate affinity, and 
that this is followed by dimerisadon with a second receptor, but 
with the EGF binding to site B (domain I), thereby forming the 
high affinity complex. 

What is the evidence in favour of this model? Mutational 
analysis of EGF suggests that substitution of either residue 41 
[3] or 47 [4] prevents receptor recognition. However, these side 
chains are on opposite faces of the ligand [5]. In the 1:2 model, 
this would be predicted, but it is less easy to reconcile with the 
2:2 structure. Secondly, in the closely related type 1 receptors, 
HER2 and HER3, NDF/Heregulin can be chemically cross- 
linked to either receptor in a heterodimer, suggesting that the 
ligand is in close proximity to each receptor molecule [6]. A 
precedent for this 1:2 complex is provided by the asymmetric 
structure cf cne molecule cf growth henncne bcund :o 
receptor proteins [7]. 

The principle evidence in favour of the 2:2 model is the 
stoichiometry of ligand binding determined by Weber and 
associates [8]. These measurements, despite being carefully 
performed, are, however, sensitive to small variations in specific 
activity of the iodinated EGF, and the accuracy of measurements 
of protein concentration by comparative Coomassie blue staining 
and autoradiography. The structure suggested here leads to 
some predictions which can be tested by experiment , which may 
help to resolve the issue. Binding of one ligand to a receptor 
heterodimeric complex would not, for instance, allow binding 
of another ligand. For example, EGF binding to a heterodimer 
of EGFR and HER3 would prevent binding of NDF/H«egulin 
and vice venal 1 . A speculation arising from this model is that it is 
possible that the five different ligands, known to bind to the 
EGF receptor and the alpha and beta families ofNDF/Heregulin 
(which differ in their C-terminal parts of the EGF-like element), 
niay be able to stabilise diff^ 1 receptor 

heterodimers. I believe therefore that, for the moment, results 
of experiments performed on this highly interactive system of 
receptors should now be considered in the light of both models. 
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pl85"™ Monoclonal Antibody Has Antiproliferative Effects In 
Vitro and Sensitizes Human Breast Tumor Cells to 
Tumor Necrosis Factor 
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The HBR2l€-er&3-2 geae encodes the epidermal growth fec&r receptort&e human hontOtog of the rat mu 
oncogene. Amplification of this gene In primary breast carcinomas has been shown to correlate with poor 
dinted prognosis for certain cancer patients. We show here that a monoclonal antibody directed * g»fa«t the 
extraceOuiar domain of plSS^ specifically Inhibits the powth of braSt tumor^erived cell Urns overex- 
pressfng the HER2/c<*rbB*2 gene product and prevents HER2!c-*rbB*2-trwistonntd NIH 313 cdb from 
forming colonies in soft agar. Furthermore, resistance to the cytotoxic tftct of tumor necrosis factor alpha, 
which has been shown to be a consequence of HER2/oerbB-2 overexpression, is significantly reduced in the 
presence of this antibody. 



HER2/c-erbB~2 9 the human homolog of the rat proto- 
oncogene neu (4, 34), encodes a 1,255-amino-acid glycopro- 
tein with extensive homology to the human epidermal 
growth factor (EGF) receptor (4, 21, 33, 34, 42). The 
HER2fc-erbB*2 gene product, plS5 HE " 2 f has all of the struc- 
tural features and many of the functional properties of 
subclass I growth factor receptors (reviewed in references 43 
and 44), including cell surface location and an intrinsic 
tyrosine kinase activity. However, the ligand for this puta- 
tive growth factor receptor has not yet been identified. 

Amplification of the HER2lc-erbB-2 gene has been found 
in human salivary gland and gastric tumor-derived cell lines 
(13, 34), as well as in mammary gland carcinomas (21, 22, 40, 
42). Slamon et al. (35) surveyed 189 primary breast adeno- 
carcinomas and determined that the HER2lc-erbB-2 gene 
was amplified in about 30% of the cases. Most importantly, 
NER2fc-e?bB-2 amplification was correia&d with a negative 
prognosis and high probability of relapse. Similar although 
less frequent amplification of the HER2/c-erbB-2 gene has 
been reported for gastric and colon adenocarcinomas (45, 
46). Experiments with NIH 3T3 cells also suggest a direct 
role for the overexpressed, structurally unaltered HER2I 
c-erbB-2 gene product pl85 W£JW in neoplastic transforma- 
tion. High levels of HER2lcerbB-2 gene expression attained 
by coamplification of the introduced gene with dthydrofolate 
reductase by methotrexate selection (18) or by using a strong 
promoter (6) was shown to transform NIH 3T3 fibroblasts. 
Only cells with high levels of pl«5" ER2 are transformed, Le., 
have an altered morphology, are anchorage independent, 
and will form tumors in athymic mice. 

Overexpression of pV6S uiia may, furthermore, contribute 
to malignant tumor development by allowing tur * - cells to 
evade one component of the antitumor defenses of the body, 
the activated macrophage (17). Macrophages play an impor- 
tant role in immune surveillance against neoplastic growth in 
vivo (1, 2, 38), and Urban et al. (39) have shown that tumor 
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cells made resistant to macrophages display enhanced tu- 
morigenicity. Tumor necrosis factor alpha (TNF-a) has been 
shown to play a role in activated macrophage-mediated 
tumor cell killing in vitro (3, 11, 23, 29, 39). NIH 3T3 cells 
transformed by a transfected and amplified HER2lc-erbB-2 
cQNA show increased resistance to the cytotoxic effects f 
activated macrophages or TNF-a in direct correlation with 
increased levels of pV6S HER2 expression. Furthermore, 
breast tumor cell lines with high levels ofp\%$' iBH3 exhibit 
resistance to TNF-a. Resistance to host antitumor defenses 
could facilitate the escape of cells from a primary tumor to 
establish metastases at distant sites. 

To further investigate the consequences of alteration in 
HER2lc~erbB~2 gene expression in mammary gland neopla- 
sia and to facilitate investigation of the normal biological role 
of the HER2fc-erbB-2 gene product, we have prepared 
monoclonal antibodies against the extracellular domain bf 
plS5 HEH2 . One monoclonal' antibody (4D5) was character- 
ized in more detail arid was shown to inhibit in vitro 
proliferation of human breast tumor cells overexpressing 
pl*5 HER2 and, furthermore, to increase the sensitivity of 
these cells to the cytotoxic effects of TNF-a. 

MATERIALS AND METHODS 

Cdb and cefl culture. Human tumor cell lines were ob- 
tained from the American Type Culture Collection. The 
mouse fibroblast line NIH 3T3/HER2-340Q, expressing an 
amplified HER2fc-erbB-2 cDN A under simian virus 40 early 
promoter control, and the vector-transfected control cell line 
NIH 3T3/CVN have been described previously (18). 

Cells were cultured in a 1:1 mixture of Dulbecco modified 
Eagle medium and Ham nutrient mixture F-12 supplemented 
with 2 mM glutamine, 100 u of penicillin per ml, 100 pg of 
streptomycin per ml, and 10% serum. Human tumor cell 
lines were cultured with fetal bovine serum (GIBCO Labo- 
ratories, Grand Island, N.Y.); NIH 3T3 derivatives were 
cultured with calf serum (Hyclone Laboratories, Inc., Lo- 
gan, Utah.). 

Immunisation. Female BALB/c mice were immunized 
with NIK 3T3/HER2-34oo cells expressing high levels of 
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pl g5//£«2 j| ie ggijg were washed once with phosphate- 
buffered saline (PBS) and detached from the plate with PBS 
containing 25 mH EDTA. After low-speed centrifugation, 
the cells were suspended in cold PBS (2 x 10 7 cells per ml). 
Each mouse was injected intraperitoneally with 0.5 ml of this 
cell suspension on weeks 0, 2, 5, and 7. 

On weeks 9 and 13, 100 pi of a Triton X-100 membrane 
preparation of plS5 MEJU t partially purified by wheat germ 
agglutinin chromatography (700 jig of protein per ml) (25), 
was administered intraperitoneally. Three days before fu- 
sion, 100 gd of the enriched pW a£R2 protein was adminis- 
tered intravenously. 

Fusion and screening. Mice with high antibody titers as 
determined by immunoprecipitation of pl$5 HER2 were sac- 
rificed, and their splenocytes were jfbsed as described previ- 
ously (26) Spleen cells were mixed at a 4:1 ratio with the 
fusion partner, mouse myeloma cell line X63-Ag8*653 (20), 
in the presence of 50% polyethylene glycol 4000. Fused cells 
were plated at a density of 2 x 10 s cells per well in 96-well 
microdilution plates. The hypoxanthine-azaserine (12) selec- 
jloii ^liy^jl^ijjiis was begun 24 h iaicf . Be^ning rt day 
10 postfiision, supernatants from hybridoma-containing 
wells were tested for the presence of antibodies specific for 
pl%5 Htua by an enzyme-linked immunosorbent assay with 
the wheat germ agglutinin chromatography-purified p\%5 HER2 
preparation (28). Enzyme-linked immunosorbent assay-pos- 
itive supernatants were confirmed by immunoprecipitation 
and cloned twice by limiting dilution. 

Laige quantities of specific monoclonal antibodies were 
produced by preparation of ascites fluid; antibodies were 
then purified on protein A-Sepharose columns (Fermentech, 
Inc., Edinburgh, Scotland) and stored sterile in PBS at 4°C. 

Immunopr^lpltations and antibodies. Cells were har- 
vested by trypsinization, counted in a Coulter counter 
(Coulter Electronics, Inc., Hialeah, Fla.), and plated 24 h 
before being harvested for analysis of P185"™ expression. 
Cells were lysed at 4°C with 0.8 ml of HNEG lysis buffer (18) 
per 100-mm plate. After 10 min, 1.6 ml of lysis dilution buffer 
(HNEG buffer with 1% bovine serum albumin and 0.1% 
Triton X-100) was added to each plate, and the extracts were 
clarified by centrifugation at 12;000 x g for 5 miife g 

Antibodies \y ere added to the cell extracts and allowed to 
bind at 4°C fbj$2fo;4 h. Immune complexes were collected 
by adsorption to protein A-Sepharose beads for 20 min and 
washed three times with 1 ml of HNEG bufer^l% Triton 
X-100. Autophosphorylation reactions were carried out for 
20 min at 4°C in 50 \l\ of HNEG wash buffer containing 5 mM 
MnCl 2 and 3 of [ r 32 PJATP (5,000 Ci/mmol, Amenhani 
Corp., Arlington Heights, 111.). The autophosphorylation 
reaction conditions have been described previously (18). 
Proteins were separated on sodium dodecyl sulfate (SD3)- 
7.5% polyacrylamide gels and analyzed by autoradiography. 

The polyclonal antibody, G-H2CT17, recognizing the car- 
boxy-terminal 17 amino acids of p\95 UB ** 9 has been de- 
scribed previously (18). The anti-EGF receptor monoclonal 
antibody 108 (16) was provided by Joseph Schlessinger, 
Rorer Biotechnology, Inc. 

Efaoreseeoee-aetivsied ce& sorting. SK-BR^ auman breast 
tumor cells overexpressing the HER2lc-erbB-2 gene (17, 22) 
or A431 human squamous carcinoma cells overexpressing 
the EOF receptor gene (14) were grown in TT75 flasks. They 
were detached from the flasks by treatment with 25 mM 
EDTA-0.15 M NaCl, collected by 1 w-speed centrifugation, 
and suspended at 1 x 10 6 cells per ml in PBS-1% fetal bovine 
serum. One milliliter of each cell line was incubated with 10 
MS of either m\i-HER2lc*erbB-2 monoclonal antibody (4D5) 



or a control antibody (40.1. HI) recognizing the hepatitis B 
surface antigen. The cells were washed twice and suspended 
on ice for 30 min in 1 ml of PBS-1% fetal bovine se. um 
containing 10 pg of goat onti-mouse immunoglobulin G 
F(ab') 2 fragments conjugated with flu rescein isothiocyanate 
dye (Boehringer Mannheim Bijchemicals, Indianapolis, 
Ind.). Unbound fluorescein dye was removed by two farther 
washes. The cells were suspended at 2 x 10 6 per ml in 
PBS-1% fetal bovine serum and analyzed with an EPICS 753 
(Coulter) fluorescence-activated cell sorter. Fluorescein was 
excited by 300 raW of 488-nm argon laser light, and the 
emitted light was collected with a 525-nm band-pass filter 
with a 10-nm band width. 

Down-regulation assay. SK-BR-3 cells were plated at 1.5 x 
10 5 cells per 35-mro culture dish in normal medium. After a 
6-h period to allow attachment, the medium was replaced by 
1.5 ml of methionine-foee labeling medium containing 150 
|tCi of [ 33 S]methionine per ml and 2% dialyzed fetal bovine 
serum. The cells were metabolically labeled for 14 h and then 
chased with medium containing 2% dialyzed serum and 
uniabeied methionine, iiiiher a control monodonm antibody 
(40.1.H1) or anti-pl85 ffW (4D5) was added to a final con- 
centration of 2.5 fig/ml. At 0, 5, and 11 h, extracts were 
prepared with 0.3 ml of lysis solution and 0.6 ml of dilution 
buffer. The p\9S HBSa was immunoprecipitated with 2.5 |U of 
polyclonal antibody G-H2CT17. The washed immune com- 
plexes were dissolved in sample buffer, electrophoresed on a 
SDS-7.5% polyacrylamide gel, and analyzed by autoradiog- 
raphy. Each time point determination was performed in 
duplicate. Autoradiograph band intensities were quantitated 
by using a scanner (Ambis Systems). 

Cefl proliferation assays. The anti-pl85 W£W monoclonal 
antibodies were characterized by using die breast tumor cell 
line SK-BR-3. Cells were detached by using 0.25% (vol/vol) 
trypsin and suspended in complete medium at a density of 4 
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FIG. 1. Specificity of monoclonal antibody 4D5. Three cell lines, 
NIH 3T3/CVN, NIH 3T3/HER1-EGF receptor, and NIH 3T3/ 
HER2-34Q0, were plated out at 2.0 x Itfin 100-mm culture dishes. 
At 24 h, Triton X-100 lysates were prepared and divided into three 
portions. Either an irrelevant monoclonal antibody (6 pg of anti- 
hepatitis B vims surface antigen, 40.1. HI; lanes 1, 4. and 7), 
anti pl85 W£W monoclonal antibody 4D5 (6 fig; lanes 2, 5 V and 8), or 
anti-EGF receptor monoclonal antibody 108 (6 |ig; lanes 3, 6, and 9) 
was added and allowed to bind at 4°C for 4 h. The immune 
complexes were collected with 30 pS of prcteia A-Sephaiose. Rabbit 
anti-mouse immunoglobulin (7 pg) was added to each 4D5 inununo* 
precipitation to improve the binding of this monoclonal antibody to 
the protein A-coated beads. Proteins were labeled by autophosphor- 
ylation and separated on an SDS-7.5% polyacrylamide gel. The gel 
was exposed to film at -70°C f r4h with an intensifying screen. The 
arrows show the positions of proteins of M r 185,000 and 170,000. 
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FIG. 2. Binding of monoclonal antibody 4D5 to unglycosylated 
receptor. NIH 3T3/HER2-34oo cells were plated into two 100-mm 
plates at 2 x 10* cells per plate. After 14 h, the antibiotic tunicamy- 
cin was added to one plate at 3 jig/ml. After a further 5.5 h of 
incubation, Triton X-100 lysates were then prepared from each 
plate. Immunoprecipitations, the autophospborylation reaction, and 
SDS-polyacrylamide gel electrophoresis were performed as de- 
scribed in the legend to Fig. 1. Lanes: 1, tunicamycin-treated cell 
lysate (one-third of a plate) immunoprecipitated with 2.5 uA of a 
polyclonal antibody directed against the C terminus of plgS****; 2, 
tunicamycin-treated ceil lysate (one-third of a plate) immunoprccip- 
itated with 6 ug of 4D5; 3, untreated control lysate (one-third of a 
plate) immunoprecipitated with the polyclonal antibody. The arrows 
show the locations of proteins of M r 185,000 and 170,000. 

x 10 s cells per nri. Atiquots of 100 ui (4 x 10 4 cells) were 
plated into 96-well microdilution plates, the cells were al- 
lowed to adhere, and 100 u.1 of media alone or media 
containing monoclonal antibody (final concentration, 5 jig/ 
ml) was then added. After 72 h, plates were washed twice 
with PBS (pH 7.5), stained with crystal violet (0.5% in 
methanol), and analyzed for relative cell proliferation as 
described previously (36) ^ 

For assays in which monoclonal antibodies were com- 
bined with recombinant huznan TNF a (5.0 x 10 7 U/mg; 
Genentech, Inc.)* cells were plated and allowed to adhere as 
uvscribed above. Following cell adherence, control medium 
alone ?r medium containing monoclonal antibodies was 
added to a final concentration of 5 ug/ml. Cultures were 
incubated for another 4 h, and then increasing concentra- 
tions of TNF-ot were added to a final volume of 200 j&t. 
Following 72 h of incubation, the relative cell number, was 
determined by crystal violet staining. Some samples were 
analyzed by crystal violet staining following cell adherence 
for determination of the initial cell number. 

RESULTS 

Specificity of monoclonal antibody 405. Monoclonal anti- 
bodies directed against the extracellular domain of p!85 ,/CK? 
were prepared by immunizing mice with NIK 3T3 cells 
transfected with a HER2/cerbB-2 cDNA (HERZO^ (17, 
18) and verexpressing the corresponding gene product, 
plSS"*™ One antibody exhibited several interesting biolog- 
ical properties and was chosen for further characterization. 
Antibody 4D5 specifically immunoprecipitated a single 32 P- 




Relative Fluorescence Intensity 

FIG. 3. Fluorescence-activated cell sorter histograms of human 
tumor cells binding anti-pl85 monoclonal antibody 4D5. «— >, 
Binding by the control antibody, 40.1.H1, directed against the 
hepatitis B surface antigen;—-*-, binding by the airaVtfER2/c* 
erbB-1 antibody, 4D5. The antibodies were first allowed to react 
with the cell surface. After a wash step, bound antibody was labeled 
by addition of fluorescein-conjugated F(ab') 2 fragment of goat 
anti-mouse immunoglobulin G. (A) Binding of the antibodies to the 
human breast tumor line SK-BR-3, which contains an amplification 
of the HZR2lc-erbB'l gene and expresses high levels of the HEB2I 
c-erbB-2 gene product pl%S HE **. (B) Binding of the same antibodies 
to the human squamous epithelial eel! line A431. This cell line 
expresses low levels ofmRNA for HER2fc*rbB-2 and high levels (2 
x 10* receptors per cell) of the'EGF receptor. ; jU ; 

labeled protein of M r 185,000 from NIH 3T3 ceils expressing 
plSS*"* 2 (Fig, 1, lane 8). This antibody did not cross-react ; 
with the human EGF receptor (HER1; Fig. 1, lane 5), even, 
when overexpressed in a mous* NIH 3T3 background (Fig v 
1, lane 6). Furthermore, it did not immunoprecipitate any 
proteins from NIH 3T3 cells transfected with a control 
plasmid (pCVN) which expresses the neomycin resistance 
and dihydrofolate reductase genes only (Fig. 1, Kane 2). 

To determine the nature of the epitope recognized by 4D5, 
NIH 3T3/HER2-34QO cells were treated with tunicamycin, 
which prevents addition of N-linked oligosaccharides to 
proteins (15, 41). Ceils treated with this antibiotic for 5.5 h 
contained two proteins which were immunoprecipitated by a 
polyclonal antibody against the carboxy-terminal peptide of 
plM'"* 2 (Fig. 2, lane 1). The polypeptide of 170,000 M r 
represents unglycosylated pl85" t,w . The upper band of ca. 
185,000 M f comigrated with glycosylated pltt"** 2 from 
untreated cells (Fig. 2, lane 3). Monoclonal antibody 405 
efficiently iiTimuuoprecipitateu only the glycosylated form of 
pl85 /,£wj (Fig. 2, lane 2). This experiment suggests either 
that the epitope recognized by 4D5 consists partly of carbo- 
hydrate, or, alternatively, that the antibody recognizes a 
conformati n of the protein achieved nly when it is glyco- 
sylated. 
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TABLE 1. Inhibition f SK-BR-3 proliferation by anti-pMS 1 ™ 
monoclonal antibodies 0 

Monoclonal Relative cell 

antfrody proliferation 6 

7C2 79.3 ±2.2 

2C4 79.5 ±4.4 

7D3 83.8 ±5.9 

4D5 44.2 ±4.4 

3E8 66.2 ±2.4 

6E9» ..... 98.9 ± 3.6 

7F3 62.1 ± 1.4 

3H4 66.5 ±3.9 

2H11 92.9 ±4.8 

40.1.H1 105.8 ±3.8 

4F4 , 94.7 ±2.8 

" SK-BR-3 breast tumor cells were plated as described in Materials and 
Methods. Following adherence, medium containing 5 |ig of either ami- 
pjg5#/£« or control monoclonal antibodies (40.1. HI and 4F4) per ml were 
added. 

6 Retetive cell proliferation was determined by crystal violet staining of the 
monolayers after 72 h. Values are expressed as a percentage of results with 
untreated control cultures (100%). 

The binding of monoclonal antibody 4D5 to human tumor 
cell lines was investigated by fluorescence-activated cell 
sorting (Fig. 3). This antibody was bound to the surface of 
cells expressing pl%5 ,,ER2 . Figure 3A shows the 160-fold 
increase in cellular fluorescence observed when 4D5 was 
added to SK-BR-3 breast adenocarcinoma cells relative to a 
control monoclonal antibody. This cell line contains' an 
amplified HER2lc-erbB-2 gene and expresses high levels of 
plgcJWR? ( 17f 22). In contrast, the squamous carcinoma cell 
tine A431, which expresses about 2 x 10 6 EGF receptors per 
cell (14) but only low levels of pl%5 HER2 (4), exhibited only 
a twofold increase in fluorescence with 4D5 (Fig. 3B) when 
compared with a control monoclonal antibody. 

The binding of 4D5 correlated with the levels of pl85 W£R2 
expressed by these two cell lines. SK-BR-3 cells, expressing 
high levels of pl%5 HER3 f showed an 80-fold increase; in 
relative fluorescence intensity compared with A431 cells. 
This experiment demonstrates that 4D5 specifically recog- 
nizes the extracellular domain of pl85 /TE *\ ;| 




Days of Culture 

FIG. 4. Growth curve of SK-BR-3 cells treated with anti-tf£A?/ 
c-erbB-l monoclonal antibody 4D5. Cells were plated into 35-mm 
culture dishes at 20,&& cells per plate is medium containing 2.5 ug 
of either control antibody (40.1.H1, anti-hepatitis B surface antigen) 
(□) or anti-pig*"*" antibody 4D5 (•) per ml. On the indicated 
days, cells were trypsinized and counted in a Coulter counter. The 
determination for each time point and each antibody was done in 
duplicate, and the counts were averaged* The arrow indicates the 
day the cells were refed with medium without antibodies. 
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FIG. 5. Growth of SK-BR-3 cells in different concentrations of 
monoclonal antibody 4D5. The human breast tumor line SK-BR-3 
was plated into 35-mm culture dishes at 20,000 cells per dish. Either 
0.1, 0.5, 1.0, or 3.0 ug of a control monoclonal antibody (40.1.H1, 
anti-hepatitis B surface antigen) or monoclonal 4D5 antibody per ml 
was added at the time of plating. After 8 days of growth, the plates 
were trypsinized and the cells were counted in a Coulter counter. 
Each concentration of antibody was plated and counted in duplicate, 
and the cell numbers were averaged. 



Effects on ceO proliferation. We used the human mammary 
gland adenocarcinoma cell line, SK-BR-3, to determine 
whether monoclonal antibodies directed against the extra- 
cellular domain of pl$5 HER2 had any effect on the prolifera- 
tion of cell lines overexpressing this receptoriike protein. 
SK-BR-3 cells were coincubated with several HER2lc-erbB- 
2-specific monoclonal antibodies or with either of two dif- 
ferent control monoclonal antibodies (40.1.H1* directed 
against the hepatitis B surface antigen; 4F4, directed against 
recombinant human gamma interferon). Most anti-HER2f 
c-erbB-2 monoclonal antibodies which recognize the extra- 
cellular domain inhibited the growth of SK-BR-3 cells (Table 
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FIG. 6. Screening of breast tumor cell lines for growth inhibition 
by monoclonal antibody 4D5. Each cell line was plated in 35-mm 
culture dishes at 20,000 cells per dish. Either a control monoclonal 
antibody (9F6, anti-human immunodeficiency virus gpl20) or the 
anti-pigs'^* 2 monoclonal antibody 4D5 was added on day 0 to 2.5 
ug/ml. Because the different cell lines grow at different rates, the cell 
lines NIH 3T3/HER2-34oo and SK-BR-3 were counted after 6 days, 
cell lines MDA-MB-157, MDA-MB-231, and MCF-7 were counted 
after 9 days, and cell lines MDA-MB-175VII and MDA-MB-361 
were counted after 14 days. The difference in growth between ecus 
treated with 4D5 and 40.1. HI is expressed as the rati of ceD 
numbers with 4D5 versus a control monoclonal antibody, 9F6. Each 
cell line was assayed in duplicate f r each antibody, and the counts 
were averaged. 
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FIG. 7. InhibitRmor^ 
HERMjoo cells by 4D5. Cells (20,000 per 60-mm plate) were plated 
in 0.2% soft agar over, a 0.4% agar base. After 3 weeks, the plates 
were photographed at x 100 magnification by using a Nikon micro- 
scope with phase-contrast optics, (a) HEFU^ cells plated in agar 
containing 200 ng of a control antibody (TF-C8) per ml. (b) The same 
cells plated in agar containing 200 ng of 4D5 per ml. 



1). Maximum inhibition was obtained with monoclonal anti- 
body 4D5 f which inhibited cellular proliferation by 56%. The 
control antibodies had no significant effect on cell growth. 

Figure 4 compares the growth of SK-BR-3 cells in the 
presence of either a control antibody, 40.? or the 
anti-pltf" 1 *" antibody. Proliferation of the cells was inhib- 
ited when antibody 4DS was present. The generation time 
increased from 3.2 to 12.2 days. To determine whether 4DS 
treatment was cytostatic or cytotoxic, antibody was re- 
moved by medium change 11 days after treatment. The cells 
resumed growth at a nearly normal rate, suggesting that the 
antibody affected eel) growth rather than cell viability. The 
dose-response curve (Fig. 5) sh wed that a concentration of 
200 ng/ml inhibited growth by 50%, whereas maximum 
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FIG. 8. Effect of antibody binding on pl85 M£R7 turnover. SK- 
BR-3 cells were labeled for 14 h with ["S]methionine. The label was 
then chased with cold methionine and either an irrelevant monoclo- 
nal antibody (40.1. HI, anti-hepatitis B surface antigen) or 4D5 was 
added to 2.5 iigfail. The cells on the plates were lysed at 0, 5, and 11 
h, and "S-Iabeled pl85 wiaw was quantitated by immunopreciptta* 
tion with the C-terminal specific polycl onal [a ntibody. The 5- and 
ii-h time point determinations were performed in duplicate for each 
of the two antibodies. Proteins were separated by SDS-polyacryl- 
amide gel electrophoresis. The fluor-treated gel was exposed to film 
for 4 h at room temperature. The arrow indicates the position of a 
protein of M r 185,000. Band intensities were quantitated by using an 
Ambis Systems scanner. Lanes; 1, 0 h; lanes 2 and 3, 40.1. HI (5 h); 
lanes 4 and 5, 4D5 (5 h); lanes 6 and 7. 40.1. HI (11 h); lanes 8 and 
9, 4D5(11 h). 



effects were achieved by using "a concentration of between 
0.5 and lftg/ml. : 

The effect of 4D5 on the proliferation of six additional 
breast tumor cell lines, as well as mouse NIH 313 fibroblasts 
transformed by pltiS*!?* 2 overexpression (NIH 3T3/HER2^ 7 
34oo)» was tested in monolayer growth assays. Cells were 
plated at low densi ty in medium containing 2.5 pg of either a ' 
control antibody or 4D5 per ml. When the cultures ap- 
proached confluency, ceils were removed with trypsin and 
counted. 4D5 did hot: have any significant effect on the 
growth of the , MCf^7gMDA-MB-157 f MDA-MB-231; or 
NIH$T3/ire^ 6); It did, howevef^ 

significantly affect the growth of the cell lines MDA-MB-361 
(58%^cbntr6l)rari^ dYcoh^rpl);^ 
which express high levels ol pinS^rr (17). , . 

: Interestingly, monoclonal antibody 4D5 had no effect on 
the monolayer growth™ the NIH 3T3/KER2-34QO cell line. 
However; it completely prevented colony formation by 
these cells in soft agar (Fig. 7), a property which had been 
induced by HER2fc-erbB-2 amplification (18). In the pres- 
ence of 200 ng of a control monoclonal antibody (antitissue 
factor; TC-C8) per ml, 116 (average of two plates) soft-agar 
colonies were counted, while the same ceils plated simulta- 
neously into soft agar containing 200 ng of 4D5 per ml did not 
yield any colonies. 

Monoclonal antibody: 4DS down-regulates pISS"*". To 
determine whether the' antiproliferative effect of 4D5 was 
due to enhanced degradation of pl85 W£W t we measured its 
rate of turnover in the presence or absence of antibody. 
pits"** 2 was metabolically labeled by culturing SK-BR-3 
cells for 14 h in the presence of [ 35 S]methionine. Cells weie 
then chased for various times, and either a control antibody 
or 4D5 was added at the beginning of the chase period. At 0* 
5, and 11 h, cells were lysed and p\S5 HEja levels were 
assayed by immunoprecipitation and SDS-polyacrylamide 
gel electrophoresis. pUB™ 0 is degraded more rapidly after 
exposure of SK-BR-3 cells to 4D5 (Fig. 8). Densitometry 
evaluation of the data showed that the pl*5 UER2 half-life of 
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FIO. 9. Monoclonal ahtibodv 4D5 sensitizes breast tumor cells to the cytotoxic effects of TNF-a. -Cells were plated in 96-weU 
microdilution plates (4 x 10 4 celis per weU for SK-BR-3, MDA-MB-175-VII, and MDA-MB-231; 10 4 cells per well for HBL-100 and T24) and 
allowed to adhere for 2 h. AT&%-HER2ic-€rbB~2 monoclonal antibody 4D5 (5 |ig/ml) or anti-hepatitis B surface antigen monoclonal antibody 
40.1. HI (5 ug/ml) was then added for a 4-b incubation prior to tlie addition of TNF-a to a final-concentration of HT units/ml. After. 72 h, the 
monolayers were washed twice with PBS and stained with crystal violet dye for determination of relative cell proliferation. In addition* some 
cell monolayers were stained with crystal violet following adherence in order to determine the initial cell density for comparison with cell 
densities measured after 72 h. The symbols denote initial cell density (■), untreated (control) cells (■), cells treated with TNF-a <■), 4D5 



(0), TNF-a plus 4D5 (□), 40.1. HI or TNF-a plus 40.1. HI (v,"M. 



7 h decreased to 5 . h in the presence of antibody (data not 

' Monodonal antibody 405 enhances TNF-a cytotoxicity. 
The addition of certain growth factors to tumor ceils has 
been shown to? increase their resistance to the cytotoxic 
effects of TNF-a (37). A prediction based on these findings 
would be that expression of oncogenes that mimic or replace 
growth factor receptor function may also increase the resis- 
tance of cells to this cytokine. Recently, it was shown that 
overexpression of the putative growth factor receptor 
pUB™ 0 in NIH 3T3 cells caused an increase in the resis- 
tance of these cells to TNF-a (17). Furthermore, breast 
tumor cell lines with high levels of plSS*™* also exhibited 
TNF-a resistance. 

To further investigate the mechanism by which the 4DS 
antibody inhibited cell growth, we investigated the response 
of three breast tumor cell lines to TNF-a in the presence or 
absence of this antibody. If the anti-pW^ monoclonal 
antibody 4D5 inhibited proliferation of breast tumor cells by 
interfering with the signalling functions of pl&5 HEft2 , addi- 
tion of this antibody would be expected to enhance the 
sensitivity of tumor cells to TNF-a. Both SK-BR-3 (Fig. 9A) 
and MDA-MB-175-VH (Fig. 9Q were growth inhibited by 
both the monoclonal antibody 4D5 (5 pg/ml; 50% and 25% 
inhibition, respectively) and high concentrations of TNF-a 



(1 x 10 4 units/rnl; 50% and 60% inhibition, respectively). 
However, the combination of TNF-a and monoclonal anti- 
body 4D5 reduc^? the SK-BR-3 and MDA-MB-175-VII 
tumor cell numbered a . levei below that initially plated, 
indicating the induction of a cytotcrdc response. In ^sepa- 
rate experiment, SK-BR-3 cell viability was determined 
directly by using trypan blue dye exclusion, yielding identi- 
cal results to those described above that were obtained by 
using crystal violet staining (data not shown). A control 
monoclonal antibody, 40.1.H1, did not inhibit SK-BR-3 
breast tumor cell proliferation, nor did it induce an enhanced 
sensitivity of this cell line to the cytotoxic effects of TNF-a 
(Fig. 9B). In addition, the growth of the breast tumor cell line 
MDA-MB-231, which does not express detectable levels of 
pl85 /,£R2 (17), was unaffected by monoclonal antibody 4D5, 
and the growth inhibition seen with the combination of 4D5 
and TNF-a was similar to that observed with TNF-a alone 
(Fig. 9D). Furthermore, neither HBL-100 (30), a nontrans- 
formed but immortalized human breast epithelial cell line 
(Fig. 9E), nor T24 (27), a human bladder carcinoma cell line 
(Fig. 9F), expressed high levels f plM™"* (data not 
shown), and neither deni nstrated growth inhibition by 4D5 
or an enhanced growth-inhibit ry r cytotoxic response to 
the combinati n of TNF-a and monoclonal antibody 4D5. 
Thete results demonstrate that nly tumor cells which 
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overexpress pl85 ff£R2 will become sensitized to the cyto- 
t xic effects of TNF-o by antibody 4DS. 

DISCUSSION 

We have prepared monoclonal antibodies against the 
extracellular domain of the HER2fc-erbB-2 gene product, 
pl85 w£/t? , and have found that one of these, 4D5, strongly 
inhibits the growth of several breast tumor cell lines and 
furthermore sensitizes plRS H£R2 -overexpressing breast car- 
cinoma cell lines SK-BR-3 and MDA-MB-175-VII to the 
cytotoxic effects of TNF-a. Monoclonal antibody 4D5 is 
specific for pl85 WfiR2 and shows no cross-reactivity with the 
closely related human EGF receptor expressed in mouse 
fibroblasts. Of six mammary carcinoma cell lines tested, 
only the three lines which express high levels of plSS"*"" 
(SK-BR3, MBA-MB-175, and MDA-MD-361 [17]) were 
growth inhibited, and 4D5 did not inhibit the proliferation of 
a nontransformed human breast epithelial cell line, HBL- 
100* or the Madder car&soma cell. line T24 

In the presence of the antibody, the inhibition of SK-BR-3 
cell growth was nearly complete, but the effect was cyto- 
static rather than cytotoxic. This property of 4D5 is similar 
to that described for a subset of monoclonal antibodies to the 
EGF receptor (19, 31, 32) which inhibit the growth of A431 
cells, a human squamous epithelial carcinoma line express- 
ing high levels of the EOF receptor. In this case, these 
inhibitory antibodies compete with radiolabeled EGF for 
binding to the receptor, and antibodies which do not block 
EGF binding have no effect on A431 cell growth. It has been 
suggested (J. Mendelsohn and H. Masui, Clin. Res. 35:600A, 
1987) that these antibodies inhibit cell growth by interfering 
with an autocrine system involving the EGF receptor and an 
essential growth factor, transforming growth factor alpha, 
that is produced by the cells (5). It is therefore intriguing to 
speculate that antibody 4D5 analogously interferes with 
ligand binding to the HER2lc-erbB-2 gene product. Since an 
appropriate ligand for the putative HER2/c-erbB~2 receptor 
has not yet been identified, this possibility cannot yet be 
tested directly. ^ 

The 4D5 antibody had no effect on the growth of NIH 3T3 
/cells transformed by HER2lc-erbB-2 overexpression. How- 
ever, it reversed one property conferred on these cells by 
amplification of the HER2/c-erbB-2 cDNA: the formation of 
colonies in soft agar was prevented by 200 ng of 4D5 
antibody per mi. This result is similar to those obtained by 
Drebin et al. (8) with a monoclonal antibody to the rat neu 
oncogene-encoded pl85 nru . They also observed that an 
anti-plSS*** monoclonal antibody inhibited colony growth in 
soft agar and tumor formation by niif -transformed NIH 3T3 
cells in athymic mice (7-10). This effect was attributed to a 
1 wering pl85 Wtf levels by an increase in receptor turnover 
triggered by antibody binding. The apparent discrepancy 
between 4D5 effects on proliferation of breast tumor cells 
versus trassfected mouse fibroblast cells is most probably a 
reflection of the fact that SK-BR-3 cells are authentic cancer 
cells, in contrast to the NIH 3T3 model system. Whereas 
SK-BR-3 cells may have evolved to be dependent on HER2I 
c-erMF-2-mediated signals for both growth and transforma- 
tion characteristics, NIH 3T3 cells have acquired a trans- 
formed phenotype only as a result of HER2fc-erbB~2 
overexpression, but may proliferate normally in response to 
other serumgrowth factors, even in the presence of blocking 
anti-plSS™ 1 ® antibody. 

Previous work has shown that high-level expression of 
plg 5*£ft? wfl] transform NIH 3T3 cells and has suggested a 
casual role for amplification of the HER2lc-erbB-2 gene in 



mammary gland neoplasia. We have shown here that HER2I 
c-erbB-2 gene overexpression in NIH 3T3 cells is associated 
with increased resistance to the monokine TNF-o and that 
breast tumor cell lines which overexpress pl&5 HER3 are 
resistant to the cytotoxic effects of TNF-a. The mechanism 
by which 4D5 inhibits breast tumor cell proliferati n and 
reverses phenotypes associated with high levels of pl85 WBR2 
expression, such as resistance to TNF-a, is not clear. 
However, these results suggest that in addition to its ability 
to transform cells by virtue of overexpression (6, 18), 
HER2/c-erbP-2 could play a role in tumor progression by 
allowing tumor cells overexpressing pl95 HB ** to evade one 
component of the antitumor immunosurveillance of the host, 
the activated macrophage (17). These properties of the 
HER2lc-erbB-2 gene product may in part explain the aggres- 
sive, single-step induction of mammary adenocarcinoma in 
transgenic mice bearing the neu oncogene (24), which en- 
codes the mutated rat homolog of pl85 w#u . 

The experiments presented here demonstrate that a moao- 
clonal antibody which recognizes the extracellular domain of 
pl85 W£R2 inhibits the proliferation of breast tumor cells 
which overexpress this receptorlike protein. Moreover, 
treatment with this antibody also sensitizes these tumor cells 
to the cytotoxic effects of TNF-a. Monoclonal antibodies 
specific for pl%5 Hex2 may therefore be usefiil therapeutic 
agents for the treatment of human neoplasias, including 
certain mammary carcinomas, which are characterized by 
the overexpressing of pUS*™* 
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ABSTRACT 

High levels of expression of either the epidermal growth factor recep- 
tor or the receptor-Uke HERl/neu gene product pl85 NEB3 have been 
observed in a variety of human malignancies. Because of the association 
of this high level expression with certain human tumors, we have gener- 
ated a panel of monoclonal antibodies specific for either the epidermal 
growth factor receptor or plSS"*" to study their structure, function, and 
antigenic domains in the normal and neoplastic states. We used the 
epidermoid carcinoma line A431 to generate Ave monoclonal antibodies 
which immunoprecipitate the epidermal growth factor receptor These 
monoclonal antibodies bind to the extracellular domain of the epidermal 
growth factor receptor and demonstrate variable effects on epidermal 
growth factor binding. We used a stably transfected NIH 3T3 cell line 
expressing the HER2/#i«i gene to produce and characterize 10 monoclo- 
nal antibodies which immunoprecipitate pl85 HER3 . These monoclonal 
antibodies bind to the extracellular domain of pi85 HER * and do nut cross- 
react with the epidermal growth factor receptor. The characteristics and 
potential applications of these monoclonal antibodies will be discussed. 

INTRODUCTION 

Alterations in growth factor receptor structure and level of 
expression have been implicated in the -process of abnormal 
growth control, transformation, and oncogenesis. Some of these 
receptors .share homology with retroviral oncogenes, have in- 
trinsic tyrosine kinase activity, and are generally referred to as 
prctooncogenes (for review see Ref. 1). Included in this group 
of receptors is the epidermal growth factor receptor which is 
the cellular homologue of the avian retrovirus oncogene v-erbB, 
The pi 85 HER2 product 2 of the human EGFR related gene 
(UERi/neu) is a receptor-like tyrosinejkinase vvithdu0any 
oncogene homologue identified in a retipyinis. The EGFR and 
p!85 HER2 are similar but distinct glycoproteins encoded by 
genes, located on human cHromosomes^(2^;3)^and 17jt|4), 
respectively, the EGFR and pl85 HER2 have approximately 409c 
homology in their extracellular iigand binding" domains and 
78% homology in their intracellular ATP .binding and tyrosine 
kinase regions as determined by their predicted primary amino 
acid sequences (4). The EGFR is a A/ r 170,000 single chain 
glycoprotein of 1,186 amino acids with a 621 -amino acid, 
extracellular, NH 2 -termiiial domain (5, 6). This extracellular 
d mam of the EGFR binds the 53-amino acid, M, 6,025 EGF 
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(7) as well as the 50-amino acid, M r 6,000 transforming growth 
factor a (8). In both cases binding of the growth factor results 
in activation of the receptor associated tyrosine kinase (9, 10). 
The pl85 HER2 receptor is also a single chain, M 9 185,000 
glycoprotein of 1,255 amino acids with a 632-amino acid, 
extracellular domain which is thought to bind an unknown 
Iigand (1, 4). 

Amplification of expression of the EGFR is associated with 
human cervical and ovarian carcinomas (11), epidermal squa- 
mous cell carcinomas (12), and malignant gliomas (13). Am- 
plification of the HERlfneu gene has been found in mammary 
gland carcinomas (14-16), and ovarian cancer (17) and is 
associated with the most aggressive forms of breast and ovarian 
tumors and poor prognosis from these cancers (17, 18). In 
addition, amplification of WEWl/neu has also been shown in 
other human adenocarcinomas including salivary gland (19), 
stomach, and kidney (20). The MAbs to these cell surface 
glycoproteins and MAbs which are specific to phosphorylated 
tyrosines were generated to investigate expression of these 
protooncogenes in tumor cell lines and to study the structure/ 
function relationships and antigenic domains of these receptors. 
We performed extensive specificity studies on the MAbs raised 
to either the EGFR or pl85 HER2 to evaluate shared antigenic 
shes on these related structures since these MAbs are candidates 
for the development of receptor based tumor therapies, in vivo 
and in vitro diagnostics; as well as important reagents for the 
development of assays to monitor the in vitro effects of recept r 
Tiodulation. ■■ J- 

MATERIALS AND METHODS ' . ■ . v> 

Cell Lines and Isolation of Receptors from Cells. The human epider- 
moid carcinoma A431 cell line (21 ) was used for isolation of the EGFR ? 
(22), since this cell line has been shown to expresses x 10? copies/ ; 
cell of the EGTO (21, 23 r 25). A431 cells were growfi to confluence at : 
37'C and 10% C0 2 atmosphere in medium consisting of DMEM/ 
Ham's F-12 (50/50, v/v), 5% fetal c?lf serum 15 mM HEPES (pH 
7.2), 50 units/ml penicillin, and 10 jig/ml streptomycin The cells were 
solubilized in 1% Triton X-100 (26), and the EGFR was partially 
purified by WGA affinity chromatography. Elution of the receptor was 
achieved with 40 mM HEPES, pH 7.5, containing 0.3 m TV-acetylglu- 
cosamii.e, 0.15 m NaCI, 0.2% Triton X-100, and 10% glycerol. Protein 
concentration was determined by the method of Bradford (27). The 
affinity (approximately 20 nM) of the solubilized; receptor and the 
receptor concentration (approximately 5 pmol receptor/mg protein) 
were determined by Scatchard analysis of ,25 I-EGF binding (28). EGF 
(Sigma, St. Louis, MO) was iodinated by the standard chloramine-T 
method (29). Tyrosine kinase activity was measured in the presence of 
80 M Ci/ml [>- 32 P]ATP, 10 mm ATP, 4 mM MgCI 2 , in 2 mM MnCI 2 in 
20 mM HEPES, pH 7.5, containing 0.1% Triton X-100, and 10% 
glycerol. HER2/WU transfected NIH 3T3 cells, NIH 3T3/HER2-34oo 
(30), expressing approximately I x I0 $ pl85 HE " molecules/cell (data 
not shown) were grown to confluence in the above media. The cells 
were extracted with 1% Triton X-100 and the membrane protein 
pl85 ,fFRJ was partially purified by WGA affinity chromatography as 
described above. The tyrosine kinase activity w&s measured as above 
except the concentration of |7- M P|ATP was 100 pCi/ml and there was 
no unlabeled ATP in the kinase solution. 
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OcneifitlonTof Monoclonal Antibodies Specific for' the EGFR. 
BALB/c mice were immunized with 2-4X1U* A431 cells in PBS, i.p. 
on weeks 0, 2, 4, and 6. The immunized mice were tested for an 
antibody response by immunoprecipitation of "P-labeled EGFR. The 
mice with the highest serum titers were given i.v. injections of a WGA 
purified A431 membrane extract during week 18. Three days later their 
splenocytes were fused wifh mouse myeloma line X63-Ag8.653 (31), 
using 50% polyethylene glycol 4000 by the procedure of Oi and Her- 
zenberg (32). Fused cells were plated at a density of 2 x 10 s cells/wel! 
in 96-well microtiter plates (day 0) and hybridoma selection was begun 
on day 1 with 10% fetal calf serum in DM EM media containing 
hypoxanthine/azaserine (33). Beginning on day 10 hybridoma super- 
natants were screened for the presence of EGFR specific antibodies as 
described below. 

Generation of Monoclonal Antibodies Specific for pl85 HEM . N1H 
3T3/HER2-34W cells were harvested with PBS containing 25 mM 
EDTA and were used to immunize BALB/c mice. The mice were given 
injections i.p. of 10 7 cells in 0.5 ml PBS on weeks 0, 2, 5, and 7. The 
mice with antisera that immunoprecipitated "P-labeled p!85 HER2 were 
given i.p. injections of a WGA purified pl85 HER2 membrane extract on 
weeks 9 and 13. Thi? was followed by ar. ;.v. iiyectfcn of 0.: ml of ihe 
p!85 HER2 preparation and the splenocytes were fused as described for 
the anti-EGFR fusions. The hybridoma supernatants were screened by 
ELISA as described below. 

Generation of Monoclonal Antibodies Specific for Phosphotyrosine. 
BALB/c mice were immunized s.c. with 200 ng of phosphotyramine 
coupled to keyhole limpet hemocyanin by using a bromoacetyl linker 
(34) in Freund's adjuvant on weeks 0, 2, 4, and 6. The mouse with 
positive antisera that immunoprecipitated "P-phosphorylated EGFR 
most efficiently was immunized i.v. with phosphotyramine keyhole 
limpet hemocyanin in PBS on week 8 and the splenocytes were fused 
as described above. The initial screen was an ELISA on phosphotyra- 
mine coupled to soybean trypsin inhibitor. ELISA positive parental 
culture supernatants were further assayed by immunoprecipitation with 
32 P-pho« ^horylated EGFR as described below. 

Enzyme-linked Immunosorbent Assays. ELISAs were performed as 
initial screens of fusions, to monitor the purification of the anti- 
pl 85 HERZ and anti-EGFR MAbs, initial screens of the phosphotyramine 
fusions, and as one approach to determine the cross-reactivity between 
anti-EGFR and anti-pl85 HER2 MAbs. Immuno II (NUNC Roskilde, 
Denmark)^ microtiter plates were coated with I ^g/ml of either the 
WGA affinity purified pI85 HE > 2 , WGA affinity purified EGFR mem- 
brane preparations, or phosphotyramine coupled to soybean trypsin 
inhibitor in PBS overnight at 4*C or for 2 h at room temperature. 
Antigen coated plates were washed with PBST and MAb samples were 
incubated for 1-2 h at on a shaker Plates were 

washed with PBST and goat anti-mouse IgG conjugated with horse- 
radish peroxidase (Tago, Burlingame, CA) was added and incubated 
for 1 h. The plates were washed with PBST and 100 pl/well of o~ 
phenylenediamine dihydrochloride substrate (Sigma) were added at 0.5 
mg/ml in 0.05 m citrate/phosphate buffer. The reaction was stopped 
after 15-30 min at room temperature with 100 pl/well of 2.5 M H 2 S0 4 
and absorbance was determined at 492 nm on a multiscan plate reader 
(Flow, McLean, VA). 

Purification of MAb from Ascites. Selected ELISA positive hybrido- 
mas were cloned twice by limiting dilution and ascites fluid containing 
specific MAb was produced in pristane primed BALB/c mice (35). 
Antibodies were purified from the ascites fluid by protein A-Sepharose 
(Fermentech, Inc., Edinburgh, Scotland), using established procedures 
(36), stored sterile in PBS at 4*C, and further characterized in a variety 
of immunoassays. 

Radioimmunoprecipitation of |t-"P]ATP Phosphor} lated Receptors. 
Radioimmunoprecipitations were performed by first autophosphorylat- 
ing the appropriate Triton X-100 cell lysates with *y-"P]ATP in kinase 
buffer containing 180 pCi/ml [7 3J P)ATP, 5 hm ATP, 2 mM MnCt 2 , 4 
mM MgCl 2 , and the WGA purified extracts of either the pl85 HER1 (35 
Mg/ml) or the EGFR (17.5 ng/m\) in HTG buffer for 30 min at room 
temperature. The kinase mixture, 50 ftl, was then mixed with 2 pg of 
the appropriate MAb, diluted to 50 pi with HTG buffer, and incubated 
for I h at room temperature. Protein A-Sepharose CL-4B, 50 vl 



(Pharmacia, Uppsala Sweden) coated with 1 mg/ml rabbit anti-mouse 
IgG to enhance binding of all IgG subclasses, was added and incubated 
for i h at room temperature. Samples were washed twice with HTG 
and once with PBS containing 0.2% deoxychobue and 0.2% Tween 20. 
Reducing SDS sample buffer containing 30 pM 0-mercaptoethanol-2% 
SDS in 14 mM Tris, pH 6.8, 50 pl, was added to the pelleted immu- 
nocomplexes and the samples were heated to 90*C for 5 min. The 
RAM-SPA was separated by centrifuging for 2 min at 10,000 x g a*?d 
the supernatant was loaded on a 7.5% SDS polyacryiamtde gel (37), 
electrophorescd at constant 30-mA current and followed by autoradi- 
ography to determine the relative molecular weights of the bound 
autophospborylated proteins. 

Radioimmunoprecipitation of | 35 SJCysteine Labeled Receptors. Sub- 
confluent cell cultures in 100-mm plates were washed once with cys- 
teine-free DMEM and incubated overnight in 2 ml of cysteine-free 
media containing 10% dialyzed fetal bovine serum and 0.5 mCi [ 35 S]- 
cysteine (Amersham, Arlington, IL). The labeling medium was aspi- 
rated and the cells were rinsed with HNEG buffer at pH 7.6. The cells 
were lysed with 0.5 ml of HNEG buffer with 1% Triton X-100 and 1.5 
mM MgCl } (lysis buffer), diluted with 1 ml HNEG and 1% BSA 
(dilution buffer), and the cell membrane fragments were removed by 
centrifugation at 10,000 x g. The labeled cell extract was preincubated 
with RAM-SPA for 30 min at room temperature and centrifuged as 
above to remove labeled proteins which bound nonspecifically. This 
preabsorhed extract was divided into 4-6 samples and incubated with 
2 ng of the appropriate MAb for 30-66 min. The washing, immuno- 
precipitation, and electrophoresis steps were performed as described 
above. 

Radioimmunoprecipitation of Nonglycosyiated Receptors. Cells were 
harvested by trypsinizatibh, counted (Coulter Counter), and plated into 
150-mm culture dishes. A431 and NIH 3T3/HER2-3„o cells were 
plated at 2 x I0 6 or 6 x 10 6 cells/dish, respectively, and, after a 3-h 
attachment period, the antibiotic tunicamycin at 3 jig/ml was added to 
the experimental plates. Cell lysates were prepared after a further 6-h 
inciibdtioa and the anti-EGFR and the anti-p!85 HE(U MAb immuno- 
precipitations were (7- 32 P]ATP labeled by autophosphorylatioii at 4*C, 
washed, electrophoresed, and analyzed by autoradiography as described 
above. The polyclonal rabbit antibody, G-H2CT17, raised against the 
carboxy terminal 1 7 amino acids of pl85 HEB2 (38), was used as a control 
antiserum to immunoprecipitate pl85 HER2 irrespective of glycosyjation. 
Similarly, the polyclonal mouse antibody, R 1/1 080, raised to \ the 
EGFR, was usedjas the positive control for immunoprecipitation of the 
EGFR iirespentiycf nf glycosylationV 

■, Isotyping of *VI Abs. ; Isotyping of the MAbs was performed by. using . , 
the Pandex Screen, Machine and anti-mouse IgG coated particles. 
Polystyrene Pandex assay particles, 1 ml of a 5% solution, were incu- 
bated with 1 Cfmg of affinity purified rat anti-mouse IgG (PelFreez, 
Rogers, AZ) in^ carbonate buffer at pH 9.6 for 1 h at room temperature. 
The beads were washed twice with PBS and resu:pended in 20 ml of 
PBS at 0.25%' particles. Coated particles, 20 vl were added to 20 pi of 
the appropriate MAb supernatants in wells of Pandex microtiter plates 
and incubated on a shaker at room temperature for 30 min. The plates 
were washed and FITC-conjugated rat monoclonal anti-mouse isotype 
specific reagents (generous gift of David Buck, Becton-Diclrinson 
Monoclonal Center) were added at 1-2 ng/ml in PBST. Samples were 
incubated 1 5 min, washed, and the fluorescence was quantitated by the 
Pandex software. 

Epitope Determination by MAb Competitive Binding Analysis. Cross- 
blocking studies were done on both panels of MAbs by direct fluores- 
cence on intact cells by using the Pandex Screen Machine to quantitate 
fluorescence. Each MAb was conjugated with FITC, using established 
procedures (39). Confluent monolayers of A431 or NIH 3T3/HER2- 
3400 cells were trypsinized, washed once, and resuspended at 1.75 x 10* 
cell/ml in cold PBS containing 0.5% BSA (BSA/PBS) and 0.1% NaNj. 
A final concentration of I % latex particles (IDC, Portland, OR) was 
added to reduce clogging of the Pandex p.ate membranes. Cells in 
suspension, 20 fih and 20 pi of purified MAbs (100 jig/ml to 0.1 /ig/ 
ml) were added to the Pandex plate wells and incubated on ice for 30 
min. A predetermined dilution of FITC-labeled MAbs in 20 pi was 
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added to each well, incubated for 30 min, washed, and the fluorescence 
was quantitated by the Pandex, 

Blocking of EGF Binding by Anti-EGFR MAbs. To determine if any 
of the anti-EGFR MAbs blocked EGF binding to the EGFR on intact 
ceils, 200 ul of A431 cells (5 x 10 6 cells/ml) were mixed with 200 jd of 
various concentrations of either purified MAbs or unlabeled murine 
EGF (Sigma), in triplicate, starting at 6 mm, 1.0 mg/ml or 100 fig/ml, 
respectively, and incubated 30 min on ice. Murine '"I-EGF, 6 x 10' 
cpm in 100 jd* was added to each sample and incubated an additional 
30 min on ice. Cells were washed once, counted on th gamma counter, 
and percentage of bound counts was calculated and the average of 
triplicates plotted. 

Immunofluorescence Staining of Cells. The cell lines A431 and the 
breast adenocarcinoma cell line SK-BR-3, previously shown to express' 
amplified levels of pl8S HCR2 (40, 41), were used to characterize the 
EGFR and pl85 HER2 specific panels of MAbs by FACS techniques. 
Confluent monolayers of cells were harvested with 25 mM EDTA in 
PBS, washed, and resuspended at 1 x 10 6 cells/ml in PBS containing 
\% FBS (1% FBS/PBS). An aliquot, 1 ml, of each cell line was added 
to 10 of the appropriate MAb and incubated for 1 h on ice. The 
cells ' v ere washed twice with \% FB&/V&5 and incuuaied with FiTC 
conjugated F(ab')j fragment of goat anti-mouse IgG specific antibody 
(Zymed, South San Francisco, CA), for 30 min on ice. The cells were 
washed twice and resuspended in 0.5 ml of \% FBS/PBS and analyzed 
on an EPICS 753 (Coulter, Hialeah, FL) FACS using 300 mW of 488 
nm argon laser light for excitation and measuring emitted light with a 
525 nm narrow band pass filter. 

Inhibition of A431 Growth by Anti-EGFR MAbs. A431 cells were 
plated into 35-mm culture dishes at 1.0 x 10* cells/dish. Either an 
unrelated, isotype control MAb 9F6 (anti-gpl20 of human immuno- 
deficiency virus), the anti-EGFR MAbs, or the anti-185 HER2 MAb 4D5 
were added on day 0 at a final concentration of 2.5 Mg/ml (16.7 niu). 
After 7 days the cells were removed from the plates by trypsinization 
and the 'total cell number was determined by Coulter counter: The 
difference in growth of cells treated with the experimental and control 
MAbs is expressed as the ratio of their respective cell numbers. Each 
MAb was assayed in duplicate and the cell counts were averaged. As 
an additional positive control, EGF at 40 ng/ml (8 nM) was included; 
previous work has shown this to be growth inhibitory tor A431 cells 

(42,43). ; , 

RESULTS, ^ • • ■ \ ' 

-\* ■■ 1 . ■ ■■ V ' ■ : ■ . Mi 

ELISA Characterization of MAbs. Since these anti-EGFR 

and anti-pl85" E ^ MAbs could be used to develop important 
diagnostic reagents, a , variety of immunological techniques were 
used to determine their reactivity and specificity. The ability of 
the purified MAbs to bind to immobilized -WG A purified EGFR 
r p!85 HER2 was determined by ELISA^ Relative activities of 
the antibodies at various concentrations, measured as Am Q m, 
were determined and the results at 1-^g/ml MAb concentrations 
are presented (Fig. 1). Four of the five anti-EGFR MAbs (5G3, 
6C5, 13A9, and 19C5) were specific for the EGFR, with their 
reactivity with pl85 HER2 at background levels. In contrast, MAb 
3G2 appeared to bind to both the EGFR and pl85 HER2 . Our 
MAb 13A9 had reactivity to EGFR equivalent to the well 
characterized anti-EGFR MAb 108 (generous gift of Joseph 
Schlessinger, Rorer Biotechnology, Inc.) described earlier (44). 
The anti-pl 85 HER1 MAbs exhibited positive but var « !e reac- 
tivity against immobilized pl85 HER2 in ELISA and none of 
these MAbs reacted with immobilized EGFR. 

MAb Immunoprecipitatioai f "P Labeled Receptors. The 
specificity of the MAbs was also evaluated by utilizing radi im- 
munoprecipitation on "P labeled proteins. Purified MAbs were 
reacted with fr^PJATP autophosphorylated EGFR and 
p!85 HER2 receptor preparations (Fig. 2). All the MAbs raised 
to A431 cells immunoprecipitated EGFR, with MAbs 13A9 
and 108 being the most efficient. MAb 3G2 als precipitated a 




5G3 3G2 19C5 13A9 108 5B6 40.1 HI 
MAb (1 ug/ml) 




MAb (1 ug/ml) ^ 

Fig. 1. Results from ELISA measuring the felative reactivities of either the 
purified anti-EGFR MAbs (upper) or the anti-pl S5 HE " MAbs {tower); at 1 p g/ + v 
ml, *it!, immobilized WGA affinity purified membrane extracts from A43 1 (D) 
andNIH 3T^/HER2:34oo<». v.^-. .> 

strong pl 85^ R2 band by comparison to the EGFR band precip- 
itated by this antibody (Figs. 2A and 3). Tliejse. precipitation 
results are consistent with the ELISA results^ showing cross- 
reactivity of MAb 3G2 with both EGFR inid pl85 HER2 coated 
plates. The MAbs against p!85 HER2 precipitated pI85 HER2 and 
not the EGFR (Fig. 2). None of the anti~pl85?*"- 2 MAb precip- 
itations of the EGFR were above background levels of the 
negative MAbs SB6 (anti-gpl20 of human immunodeficiency 
virus) or 40.1. HI (anti-human B surface antigen of hepatitis B 
virus), which gave some weak background bands due to slight 
overexposure of the autoradiography film prior to photograph- 
ing. The MAbs specific for phosphotyrosine were also generated 
to investigate growth factor receptor structure and functi n 
including the associated tyrosine kinase activity. The anti- 
phosphotyrosine MAb 5E2 was pursued since it efficiently 
immunoprecipitated both the EGFR and p!85 HER2 (Fig. 3), 
MAb 5E2 did not react with either phosphoserine or phospho- 
threonine (data n t shown.) and has also been useful in immu- 
noblotting f phosphorylated EGFR receptors (45). 

MAb Immunoprecipitatioir^f I^SjCysteine Labeled Receptors. 
The antigen specificity of f he \lAbs was further confirmed by 
immun precipitation <jf th; EGi\R and pl85" ER2 from xtracts 
f A431 and SK-BR-V cells met^olically labeled with [ 15 S]- 
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Fig. 2. Autoradiography of 7.5% SDS-polyacrylamide gel electrophoresis of 
(7-"P]ATP labeled proteins immunoprecipitated by either anti-EGFR MAbs (A, 
Lanes 1-12) or anti-pl85 HER2 MAbs (A, Lanes 13-18; B, Lanes 1-14) from either 
the A431 (odd numbered lanes) or the NIH 3T3/HER2-3 W (even numbered 
lanes) WGA purified extracts. Negative control M Abs: 5B6 (anti-gpl 20 of human 
immunodeficiency virus, IgG,; Lanes 15 and 16) and 40. 1. H 1 (anti-surface antigen 
B of hepatitis, IgG2a; Lanes 17 and 18) are included as isotype controls. 




Fig. 3. Autoradiography of 7.5% SDS-poSyacrylamide gel electrophoresis of 
[7 H PJATP autophosphorylated, labeled EGFR and pUS^" comparing anti- 
EGFR, anti-pI85 HER2 , and anti-phosphotyrosine MAbs. The p185 HERI extracts 
are run in the odd numbered lanes and the EGFR extracts are run in the even 
numbered lanes. Anti-EGFR MAbs (Lanes 1-4), anti-pl85 HE " MAb (Lanes 5 
and 6) anti-phosphotyrosine MAb (Lanes 7 and 8) and control MAb (Lcnes 9 
and 10). 

cysteine (Fig, 4). All the anti-EGFR MAbs precipitated the 
EGFR from the extracts of 35 S labeled A431 cells with n or 
few additional bands being precipitated from this heterogeneous 
extract of labeled cellular proteins by comparison to the nega- 
tive controls (Fig. 4A ). The MAbs 1 3A9 and 108 were the most 
efficient at immunoprecipitation and this trend is consistent 
with the immunoprecipitations using ?-"P-labeled EGFR (Fig. 
I A). In addition, MAbs 13A9, 108, and 5G3 als precipitated 




Fig. 4. Autoradiography of 7.5% SDS-polyacrylamide g«l electrophoresis of 
("SJcysteine, labeled proteins immunoprecipitated by anti-EGFR MAbs or anti- 
pI86 HERJ MAbs using {A) A43I cells and (B) SK-BR-3 cells. . 



the EGFR front the extract from SK-BR-3 cells (Fig. 4B). None 
of these EGFR MAbs, including MAb 3G2, precipitated 
p r 85 her 2 f r o m t he [^cysteine labeled SK-BR-3 extracts. The 
lack of detectable p!85 HER2 : in the immunoprecipitation of 
[ 35 S]cysteine|^ the anti-EGFR MAb 3G2 

may be due to the relative lower specific activity, of the 35 S 
. versus 12 P labeled receptors. . ; . .;,: ^:'^.v.,, • . 

The anti-pi«5^ ER2 M Abs 3E8 and 7F3 were the most efficient 
in precipitating [ ,5 S]cysteine labeled pl85 HER ?;?2C4, 2H11, 
4D5, 5B8, 7C2, and 7J>3 were intermediate, while 3H4 and 
6E9 were the least efficient (Fig. 4B). None of the p!85 HER2 
MAbs immunoprecipitated the EGFR. These data are consist- 
ent with the rank order observed in the immunoprecipitations 
with autophosphorylated pi 85 HER2 . 

Mab immunoprecipitation of Native and Deglycosylated Re- 
ceptors. To determine whether individual MAb binding epitopes 
are protein or carbohydrate in composition, immunoprecipita- 
tions were performed on 3J P labeled, tunicamycin treated, and 
native EGFR from A431 cells and pl85 HEM from NIH 3T3/ 
HER2-34oo* The autoradiography bands from the MAb immu- 
noprecipitations were compared with those from appropriate 
polyclonal an ti sera, following the rationale that those antisera 
bound both glycosylated and unglycosylated receptors. Anti- 
EGFP MAbs 3G2, 5G3, 6C5, 13A9, 19C5, and 108 immuno- 
precipitated both the native (A/ r 170,000) and the 1 wer molec- 
ular weight (approximately M r 140,000), deglycosylated forms 
of the EGFR (Fig. 5,4). The pi 40 band appears only in the 
tunicamycin treated A431 cells and n t in the untreated cells 
prepared by the same meth d. The anti-hepatitis MAb 40.1 HI 
reproducibly bound to a deglycosylated determinant on the 
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Fig. S. Autoradiography of tunicamycin treated, partially nonglycosylated. [y- 
"P|ATP labeled A431 proteins immunoprecipitated by the anti-EGFR MAbs {A) 
or NIH 3T3/HER2-34oo proteins immunoprecipitated by anti-p!85 HERJ MAbs 
(B). In A, Lanes 2-3* 5-6* and 8-9 are immu no precipitations with anti-EGFR 
MAbs; Lanes 4 and 7 are immunoprecipitations with unglycosylated and native 
proteins, respectively, with mouse antiserum to the EGFR and Lanes I and 10 
are negative MAb immunoprecipitations with 9F6 (anti-gpl20 of human immu- 
nodeficiency virus) and 40. 1 .H 1 (anti-surface antigen B of hepatitis virus) respec- 
tively, with partially deglycosylated proteins. In B, Lanes 1-5, 7, 8, and 10-12 
are immunoprecipitations with anti-plSS" 0 " MAbs; Lanes 6 and 9 are immu- 
noprecipitations with a mixture of deglycosylated and native proteins, respec- 
tively, with antiserum, G-H2CTI 7, to the COOH terminus of p 185 HERJ and Lanes 
IS and / 4 are negative MAb immunoprecipitations as in A. 

EGFR. This cross-reactivity was not seen with the anti-gpl20 
MAb 9F6. The anti-p!85 HER2 MAbs 3H4, 5B3, 6E9, 7C2, and 
7F3 bound preferentially to the lower molecule weight, degly- 
cosylated pl85 IIEB2 (approximately M r 170,000), whereas 2C4, 
2H11, 4D5, and 7D3 bound preferentially to the glycosylated 
f rm of-pl85 HER2 , and 3E8 bound equally to the native and 
deglycosylated rormS: of pl85 HER2 by comparison to the pply- 
cl nal antisera G-H2C 1 7 (Fig. SB). As with ithe deglycosylated 
EGFR, the lower molecular weight band appears only in the 
tunicamycin treated NIH 3T3/HER2-34oo 1 celIs arid not in the 
untreated ceils prepared by the same method. The immunolog- 
ical characteristics of the MAb: described (including isctype, 
immunogen, ELISA reactivity, immunopreeipitation results, 
and epitope analysis and composition are summarized in Table 

Anti-EGFR MAbs Blocking of EGF Binding. The anti-EGFR 
MAbs were evaluated for their ability to block the ligand 
binding to the EGFR on A431 cells (Fig. 6). The anti-EGFR 
MAbs 5G3 and 6C5 inhibited l35 I-murine EGF ligand binding 
to receptor on A431 cells by 40-50% at an IgG concentration 
f 0.6 m m. MAb 19C5 showed 40% inhibition of ,2S I-EGF 
binding at 6.0 mm, while MAb 108 inhibited ,25 I-EGF binding 
by 25% to an IgG concentration of 0.06 mm. MAb 13A9 did 
not inhibit even at 6 mm* but instead appeared to enhance iodo- 
EGF binding. The unlabeled murine EGF control blocked "'I- 
EGF binding by 95% at 6.0 and 0.6 *xm. 

FACS Analysis f MAbs Binding t Cells. To determine 
whether the. MAbs could bind to and distinguish EGFR and 
pI85 HER2 on the surface of viable cells, FACS analysis was used 
with A43I and SK-BR-3 cells and the RMF of the molecules 
bound was calculated for each MAb (Fig. 7). The anti-EGFR 
MAbs bound t A431 cells with RMF values at least 100-fold 
greater than those measured on SK-BR-3 cells. This trend is 

IS 



consistent with the EGFR immunopreeipitation results from 
A431 and SK-BR-3 with the anti-EGFR MAbs (Fig. 46). 
Although weak, all the EGFR MAbs, except 13A9, bound t 
the EGFR present on SK-BR-3 cells. The inconsistency with 
anti-EGFR MAb 13A9 in immunopreeipitation and FACS 
analysis may reflect an EGFR epitope which is sequestered on 
intact A431 cells. With the exception of MAbs 5B8 and 6E9, 
the anti-p!85 HER2 MAbs bound to SK-BR-3 cell with RMF 
values ranging 10- to 100-fold greater than the A431 cell values. 
These results are consistent with observed EGFR copy numbers 
of 1.2 x 10 6 and 8.7 x 10 4 for A431 and SK-BR-3 cells, 
respectively, 3 and a relative pl85 HER2 expression of approxi- 
mately 20-fold lower on A431 and 10-fold higher on SK-BR-3 
cells, by comparison to the EGFR expression on these cell 
lines. 4 The NIH 3T3/HER2-3 40 o cells express 1.0 x 10 5 copies 
of pl85 HER2 . We have not determined the number of murine 
EGFR expressed by NIH 3T3/HER2-34oo cells. Fig. 3 demon- 
strates that the anti-EGFR MAb 13A9 immunoprecipitates a 
weak pi 70 band from this cell line. Until we determine whether 
the entire anti-EGFR MAb panel binds to murine EGFR, the 
specificity of either the EGFR or pl85 HER2 specific MAbs 
should be concluded from the reactivity data generated with the 
human A431 and SK-BR-3 cell lines. 

Growth Inhibitory Effects of Anti-EGFR MAbs on A431 Cells. 
We also investigated whether any of the anti-EGf *i MAbs had 
growth inhibitory effects on A431 cells in vitro. Anti-EGFR 
MAbs 5G3 and 6C5, at final concentration of 16.7 nM, inhibited 
A431 cell proliferation by approximately 85% when compared 
to the A431 cell proliferation in the presence of anti-pI85 HER2 
MAb 4D5 control (Fig. 8). This level of growth inhibition was 
equivalent itbUhat of the EGF control at 8 hm. Anti-EGFR 
MAbs 13A9J08, 3G2, and 19C5 had A431 growth inhibitory 
effects ranging from 50 to 30%, respectively. Hudziak et aL 
(38) performed similar in vitro growth inhibition experiments 
with the antirpl85 HER2 MAbs and demonstrated that 4D5 was 
the most effective growth inhibitor of SK-BR-3. ^ 



DISCUSSION i - ' • 

We have used the established human epidermoid tumor line, 
A431, anc*^stib]y...trrosfede4 murine cell line expressing the. 
HER2/^a gene, NIH-3T3/TiER2-34oo, as immunogens to pro- 
dace MAKs^wHich bind to the EGFR or pl85^^dn the surface: 
of human cells. The resultant MAbs were usid; to investigate 
the expression and compare antigenic determinants on the 
extracellular domains of the EGFk and :he related pl85 HER2 . 
Several groups have produced EGFR specific MAbs [(43, 46- 
49) partial list), some of which recognize noncarbohydrate 
determinants and react with the EGFR on a variety of cells. 
However, there has been little published antigenic characteriza- 
tion of these antibodies with respect to their cross-reactivity 
with pI85 HER2 . Schechtor et at. (50) has shown that rabbit 
antisera raised to EGFR from A431 cells will immunoprecipi- 
tate pi 85"™ from NIH 3T3 cells transfected with the rat, 
ethylnitrosourea-induced neu oncogene. In contrast, the anti- 
rat pi 85"" MAb 7. 1 6.4 described by Drebin et aL (5 1 ) does not 
react with either the human p!85 HER2 or the human EGFR 
(50). The previous description f pl85 HER2 specific MAbs, 
reported by van de Vijver et aL (52), did n t address the question 
of cross-reactive determinants present on both the EGFR and 
pl85" ER2 . Results from immunopreeipitation experiments with 
immune perfusion sera (data not shown) from our BALB/c 

1 M. Wingi-t. personal communication. 
4 G. D. Lewis, personal communication. 
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3G2 
SG3 
6C5 
13A9 
I9C5 
108* 

2C4 
2HI1 
3E8 
3H4 
4D5 
SB8 
6E9 
7C2 
7D3 
7F3 

5E2 
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Table I Summary table of monoclonal antibodies described 



Isotype 



EGFR ELISA" 



pI85 l,Ei,2 ELlSA 



EGFR RIP 



pISS^'KIP 



IgGU 
IgGU 
IgGI* 
IgGU 
IgGU 
IgG2a« 

IgGU 
lgG2a« 
IgG2ax 
IgGU 
IgGU 
IgGU 
IgGU 
IgGU 
IgGU 
IgGU 

IgGU 



+++ 

+ 
+++ 



+ 

++ 
++ 

+++ 
+ 

+++ 



nd 



+ 
+ 
+ 

++ 
+ 
++ 
++ 
++ 
+++ 

nd 



+++ 
+ 

++ 
++ 
+ 

++ 
++ 
+++ 



Epitope 



A(p) 
B(p) 

Qp) 

D(P) 
E(p) 

He) 
H(c) 
H(p) 

I(P) 

Kc) 
nd( P r 
nd(p) 
G(p) 

F(c) 
G/F(p) 



FACS 



+++ 
+++ 



+++ 

+ 
+++ 

+ 

+++ 
+++ 
+++ 



* EUSA data columns (summary of A 4n <0.I =* 0.! 1-0.50 = +; 0.51-1.0 = ++; >1.0 = +++. RIP data columns (summary of autoradiography from 
immmunoprecipitations): bands equal to negative control = -; weak bands but darker than negative control = +; moderately exposed bands =• ++; strongly exposed 
bands = +++. Epitope data columns: letters assigned to represent individual epitopes A through I. MAbs were considered to share an epitope if each blocked binding 
of the other by SQ% cr greater in -compariscn-to-an irrekvant -MAfcccfrtrG!. The epitope eon-.p^uiun nxugaized iiy immunoprecTpiumons With each MAb from 
tunicamycir treated cells is shown. A MAb is interpreted to bind predominantly to either a (p) protein determinant if that MAb binds preferentially to deglycosylated 
or equally to both the native and deglycosylated forms of the EGFR or pI85" EW or (c) carbohydrate determinant if that MAb binds preferentially to the native forms 
of the EGFR or pl85 HER2 . FACS data column: fluorescence staining of either A431 cells by the anti-EGFR MAbs or SK-BR-3 cells by the anti-plSS*™ MAbs equal 
to the negative control MAbs « -; I -9-fold higher than the negative controls - +; 10-99-fold higher than the negative controls = ++; > 100-fold higher than the 
negative controls =* +++. 

Generous gift from J. Schlessinger. 

c nd. not done. 





100 -i 


o 




z 


80 - 


Q 




z 




55 


60 - 


U. 




a 




UJ 




in 


. 40 - 


M 








OF 


.; 20- 


z 




o 






v-,/,(>;- 






X 




z 


' -20- 


* 














6.000 



0.600 



1 MAb or EGF CONCENTRATION (uM) 

Fig. 6. MAb blocking of the '"l-murine EGF binding to A43I cells. Presented 
are the dose-response curves with purified anti-EGFR MAbs 6C5 (x), SG3 (♦), 
3G2 (+), 19C5 (O), 13A9 (■), 108 (□) compared to EGF (A) and anti-phospho- 
tyrosine MAb. 5E2 (•). The results are plotted as percentage of inhibition 
compared to maximal 123 1 -EGF binding in buffer. 

mice immunized with either A431 or NIH 3T3/HER2-34oo cells 
showed no detectable antibodies which recognize shared, im- 
munodominant epitopes on preparations of EGFR or p!85 HERI . 
The resulting hybridomas produced from these mice were eval- 
uated for antibody binding specificity to the EGFR or pl8S HER2 
using either soluble receptors or intact cells. The specific*:,, of 
these MAbs for Triton X-100 solubilizeu receptors was deter- 
mined by ELISA on immobilized WGA purified membrane 
extracts and by immunoprecipitation using either extracts of 
[ 33 S]cysteine metabolically labeled cells or [7- 32 P]ATP auto- 
ph sphorylated membrane extracts. Reactivity with extracel- 
lular domains of the receptors was determined by immunoflu- 
orescence by using the Pandex screen machine technology and 
FACS analysis on intact, viable cells. We have shown that our 



five anti-EGFR MAbs define at least three epitopes on the 
extracellular domain of the EGFR. One of these epitopes is 
shared by plS5 HER2 and is recognized by MAb 3G2. The 
pl85 HER2 MAbs recognize at least four epitopes on the extra- 
cellular domain of pl85 HER3 and none of these epitopes are 
shared with the EGFR. Experiments with the truncated, extra- 
cellular domain of the pl85 HER? molecule (data not shown) 
indicates anti-pl85 HER2 MAbs SB8 and 6E9 bind to epitopes 
very close to the transmembrane domain and may not be 
accessible to antibody binding on the surface of intact SK-BR- 
3 ce'ls as compared to soluble p!85 HER2 receptors. 

The binding site recognized by the individual MAbs was 
evaluated for; its protein or carbohydrate composition by tuni- 
camycin inhibition of glycosylation. The five EGFR specific 
MAbs bind preferrentially to the protein backbone, of the 
EGFR. This is in contrast to many anti-EGFR MAbs reported 
that bind to carbohydrate blood group determinants found on 
the EGFR of A 431 (47, 48) which are not expressed on th 
EGFR from other human cells. We have shown that our highest 
affinity anti-EGFR MAbs immunoprecipttate the EGFR from 
both A431 and SK-BR-3 cells. By comparison, 5 of the 10 anti- 
pi 85 HER2 MAbs bind preferentially to the protein backbone 
while the remaining 5 MAbs bind either selectively to the 
glycosylated receptor or equally to both forms. The significance 
of the epitope composition recognized by the anti-pl85 HERI 
MAbs may be elucidated as we continue to characterize the 
tissue distribution and epitope expression of pI85 HER2 in var- 
ious tumors and normal tissues. 

Hudziak et aL (38) has shown that several of the anti- 
pi 85 HER2 MAbs inhibit breast tumor cell line proliferation in 
vitro. In an effort to perform similar studies on the EGFR 
specific MAbs, we determined the growth inhibitory effects of 
the anti-EGFR MAbs on the A43I cell line. MAbs 5G3 and 
6CS showed the greatest inhibition (85%) of cell proliferati n. 
The cell proliferation data are consistent with the results ob- 
tained when the anti-EGFR MAbs were tested f r blocking of 
murine '"I-EGF binding to recept r on intact A431 cells. 
MAbs 5G3 and 6C5 demonstrated the strongest blocking of 
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Fig. 7. RMF binding of purified ami- EGFR MAbs (upper) or ihe anti- 
pl85 HE,u MAbs (tower) to A431 (□) and SK BR 3 (■). Included are the negative 

isotype controls 5B6 (IgG!) and 40.1. HI (IgG2a). RMF . was calculated as - 

•ri"i' •••••• . . ' • • ' ■ * " ■*■ :^ 

■. . rtlr^v^ ■ -"..v... 5 . '■• /v =: ^V')c '. ^; - ^ . .■ 

where JV is the "linearized fluorescence value", jc is the log to linear transform iug 
factor, and C is the channel nu niber. ' ' ' ^ , ' ' .*. '•' '}* " : ^ ' 

the EGF binding (45% inhibition), while -$€5 and 108 show 
weaker EGF blocking (25-40% inhibition), and 13A9 and 3G2 
did not block murine EGF binding to A431 cells. These results 
could reflect the mechanism by which MAbs to the EGFR 
inhibit A431 ceil division in vitro. Similar, receptor blocking 
experiments wLh the anti-p!85 HERJ MAbs await identification 
of the putative ligand. 

It appears that in mice the major immunodominant deter- 
minants on the EGFR and p!85 HER2 are not in the homologous 
regions comprising 40% of the extracellular domains of these 
receptors. It has previously been shown that a membrane struc- 
ture sharing homologous extracellular regions to the EGFR 
and p!85 HER2 exists in Drosophila (53, 54). A hi*,*, degree of 
conservation throughout evolution, in certain extracellular re- 
gions of the EGFR and plS5 HER2 , could be accompanied by a 
lack of immunogenicity in these regions. Since tw of the EGFR 
specific MAbs described here partially block EGF binding, it is 
likely that at least one of the immunogenic, nonhomologous 
epitopes on the EGFR is located in or near the ligand binding 
site. The possibility does exist that we have broken immunolog- 
ical tolerance to the murine EGFR, and future experiments, 
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Fig. 8. The total number of A431 cells, after a 7 day growth period with either 
ivi An ai 2.5 jig/mi or EGF ai 40 ng/mi, is compared using the ariti-'EGFR M Abs 
and anti-pi 85 MER1 MAb 4D5. The relative proliferation is calculated by dividing 
the total A431 cells in the presence of anti-EGFR MAbs by the total A431 cells 
in the presence of anti-pI85 HEBI MAb 4D5. 

pending identification of murine cell line(s) which overexpress 
the EGFR, will include evaluation of these EGFR MAbs f r 
species specificity. We have observed by FACS analysis (data 
not shown) that our pl85 HER2 MAbs do not bind to the endog- 
enous neu on the surface of RAT- 1 cells indicating that, like 
MAb 7. 1 6.4, they bind to p 1 85 HER2 epitopes that may be species 
specific. This result might be predicted since the anti-pl85 HER2 
MAbs resulted from fusions in the murine system and mice 
may be tolerant to conserved determinants on pl85 HER2 . 
Whether the immunogenic, nonhomologous regions on 
pl85" ER2 are in tne putative ligand binding pocket will require 
further investigation. 

Overexpressioh or altered forms of the EGFR and/ r 
pl 85 HER2 are f ounf j i n man y forms of human cancers including 
cervical, ovarian, squamous,; adenocarcinomas, and primly 
breast tumors, in Ve case of breast and ovarian cancer, ampli-\ 
fication of HER2/» . expression is associated with approxi- 
mately Z0% of the pVih.ary tumors tested and is cbrrelated with 
metastatic disease and poor prognosis (17, 1 8)^The location f 
these receptors on the surface of cells, prognostic significance 
and probable causal role makes them very attractive targets for 
production of monoclonal antibodies for immunodiagnostics 
and immunotherapy. Immunohistochtrinistry data on tumor 
biopsy tissue could be useful in determining the aggressiveness 
of therapy depending on the level of pl85 HER2 expression. These 
MAbs would also be candidates foi in vivo radioimaging for 
detection of relevant primary tumors and micrometastases. The 
receptor nature of these antigens, including surface location, 
ligand binding, and receptor/ligand complex internalization, 
makes tumors expressing these receptors potential targets for 
immunotherapeutic intervention utilizing antibodies as radi- 
oconjugates, drug carriers, or immunotoxins. An alternate ap- 
proach would be to exploit the ligand blocking characteristics 
of some receptor specific MAbs and deprive transformed cells 
of their intracellular signal transduction. This has been dem- 
onstrated with EGFR specific MAbs where EGF blocking is 
the mechanism for growth inhibition on EGF dependent cells 
(43, 55). The anti-p!85 HER2 MAb r should be useful reagents to 
investigate similar receptor/ligand studies on pl85 HER2 and may 
facilitate identificati n f the putative ligand. 
Wc are optimistic that diagnostic and therapeutic applica- 
556 
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tions of MAbs specific for receptor related molecules associated 
v ith human malignancy will allow exploitation of this probable 
causal relationship in transformation and the process of onco- 
genesis. 



ACKNOWLEDGMENTS 

The authors wish to thank Bill Lagrimas for performing our immu- 
nization protocols, K. C. McFarland for providing phosphotyramine 
conjugates, Jim Thomas for large scale culture of A43I and NIH 3T3/ 
HER2-340* Susan McCabe for FACS analysis, and Cynthia Lybarger 
for administrative assistance. 

REFERENCES 

1. Yarden, Y., and Ullrich, A. Growth factor receptor tyrosine kinases. Annu. 
Rev. Biochem., 57: 443-478, 1988. 

2. Shimizu, N„ Behzndian, M. A., and Shimizu, Y. Genetics of cell surface 
receptors for bioactive polypeptides: binding of epidermal growth factor is 
associated with the presence of human chromosome 7 in human-mouse cell 
hybrids. Proc. Natl. Acad. Sci. USA, 77: 3600-3604, 1980. 

3. Davies, R. L., Grosse, V. A., Kucherlapati, R., and Bothwell, M. Genetic 
analysis of epidermal growth factor action: assignment of human epidermal 
growth factor receptor gene to chromosome 7. Proc Natl. Acad. Sci. USA, 
77:4188-4192,1980. 

4. Coussens, L., Yang-Feng, T. L., Liao, Y-C, Chen, E., Gray, A., McGrath, 
J., Seeburg, P. H., Liebermann, T. W., Schlessinger, J., Franke, U., Levinsort, 
A., and Ullrich, A. Tyrosine kinase receptor with extensive homology to 
EGF receptor shares chromosomal location with neu oncogene. Science 
(Wash. DC), 230: 1 132-1 139, 1985. 

5. Cohen, S., Ushiro, H., Stoschek, C, and Chinkers, M. A native 170,000 
epidermal growth factor receptor-ltinase complex from shed plasma mem- 
brane vesicles. J. Biol. Chem., 257: 1523-1531, 1982. 

6. Ullrich, A., Coussens, L., Hayfflick, J. S„ Dull, T. J., Gray, A., Tam, A. W., 
Lee, J„ Yarden, Y., Libermann, T. A., Schlessinger, J., Downward, J., Mayes, 
E. L. V., Whittle, N„ WateHield, M. D., and Seeburg, P H. Human 
epidermal growth factor receptor cDNA sequence and aberrant expression 
of the amplified gene in A431 epidermoid carcinoma cells. Nature (Lond.), 
309: 418-425, 1984. <: 

7. Carpenter, G., and Cohen, S. Epidermal growth factor. Annu. Rev. Biochem., 
A- 193-216, 1979. 

8. Todoro, G. J., Frying, C, and DeLarco, J. £. Transforming growth factors 
produced by certain human tumor cells: polypeptides that interact with 
epidermal growth factor receptors. Proc. Natl Acad. Sci. USA, 77: 5258- 
5262, 1980. 

9. Reynolds, F. H., Todaro, G. J., Fryling, C, and Stephenson, J. R. Human 
transforming growt h factors induce tyrosine phosphorylation of EGF recep- 
tors. Nature (Lond.), 259-262, 1981. 

10. Pike, L. J , Marquardt, H., Todaro, G. J„ Gallis, B.,*Cashellic, j|E M 
Bomstein, P., and Krebs, E. G. Transforming growth factor, and epidermal 
growth factor stimulate the phosphorylation of a synthetic, tyrosine-contain- 
ing peptide in a similar manner. J. Biol. Chem., 257: 14628- 14631; ! 082. 

11. Gullick, W. j„ Marsden, J. J., Whittle, N., Ward, B;, Bobrow, L., and 
Waterfield, M. D. Expression of the epidermal growth factor receptors on 
human cervical, ovarian, and' vulval carcinomas. Cancer Res., 46: 285-292, 
1986. ^. 

12. Yamamoto, T M Kamata, N.^ Kawano, H., Shimizu. S.. Kuroki, T M Toyosh- 
ima, K., Rikimaru, K. Nomura, N., Ishizaki, R., Pastan, 1., Gamou, S., and 
Shimizu, N. High incidence of amplification of the epidermal growth factor 
receptor gene in human squamous carcinoma cell lines. Cancer Res., 46: 
414-416, 1986. 

13. Libermann, f; A., Nusbaum, H. R., Razon, N., Kris, R., Lax, I.. Soreq, H., 
Whittle, N„ WaterHeld, M. D., Ullrich, A., and Schlessinger, J. Amplifica- 
tion, enhanced expression and possible rearrangement of the EGF receptor 
gene in primary human tumours of glial origin. Nature (Lond.), 5/5; 144- 
147, 1985. 

14. King, C. R., Kraus, M. H., and Aaronson, S. A. Amplification of a novel v- 
er6B-related gene in a human mammary carcinoma. Science (Wash. DC), 
229:974-976,1985. 

15. van de Vijver, M., van de Bersselaar, R., Devilee, P., Comelisse, C, Peterse, 
J., and Nusse, R. Amplification of the neu (c-erb-2) oncogene in human 
mammary tumors is relatively frequent and is often accompanied by ampli- 
fication of the linked c-erM oncogene. Mol. Ceil. Biol., 7; 20 1 9 .^23, 1 937. 

16. Yamamoto, T., Ikawa, S., Akiyama, T., Semba, K., Nomura, N., Miyatima, 
N., Saito, T. and Toyoshima, K. Similarity of protein encoded by the human 
c-erd-B-2 gene to epidermal growth factor receptor. Nature (Lond.), 319: 
230-234, 1986. 

1 7. Slamon, D. J., Godolphin, W., Jones, L. A., Holt, J. A., Wong, S. G., Ke>th, 
D. E., Levin, W. J., Stuart, S. G., Udove, J., Ullrich, A., and Press, M. F. 
Studies of the HER-2/neir proto-oncogene in human breast and ovarhn 
cancer. Science (Wash. DC), 244: 707-712, 1989. 

18. Slamon, D. J., Clark, G. M, Wong, S. G., Levin, W. J., Ullrich, A., and 
McGuire, W. L. Human breast cancer correlation of relapse and survival 



with amplification of the HER 2/««* oncogene. Science (Wash. DO. 233- 
177-181, 1987. 

19. Semba, K., Kama;*, N., T>yoshima, K„ and Yamamoto, T. A v-trtB-reUlcd 
protooncogene, e*rbB-2, is distinct from the c-*riB-l /epidermal growth 
factor-receptor gene and is amplified in a human salivary gland adenocarci- 
noma. Proc. Natl. Acad. Sci. USA, 82: 6497-6501, 1985. 

20. Yokota, J., Yamamoto, T., Toyoshima, 1C, Terada, M„ Sugimura, T„ 
Battifora, H., an J Kline, J. M. Amplification of c-rroB-2 oncogene in human 
adenocarcinomas in vho. Lancet, /; 765-767, 1986. 

2?. Fabricant, R. N., DeLarco, J. E., and Todaro, G. J. Nerve growth factor 
receptors on human melanoma cells in culture. Proc. Natl. Acad. Su. USA. 
7*565-569, 1977. 

22. Napier. M. A., Lipari, M. T., Courter, R. G„ and Cheng, C. H. K. Epidermal 
growth factor receptor tyrosine kinase phosphorylation of gIucose-6-pbos- 
phate dehydrogenase in vitro. Arch. Biochem. Biophys., 2JP ; 296-304, 1987. 

23. Gill, G. N., Kawamoto, T., Cochet, C, Le, A., Sato, J. D„ Masoi, H„ 
McLeod, C, and Mendelsohn, J. Monoclonal anti-epidermal growth factor 
antibodies which are inhibitors of the epidermal growth factor binding and 
antagonists of the epidermal growth factor-stimulated tyrosine kinase activ- 
ity. J. BioL Chern^ 239: 7755-7760, 1984. 

24. Hai ; ?r, H., Ash, J. F., Singer, S. J., and Cohen, S. Visualization by 
fluorescence of the binding and internalization of epidermal growth factoi in 
human carcinoma cells A-431. Proc. NatL Acad. Sci USA, 75; 3317-3321, 
1978. 

25. Wrann, M. M., and Fox, C. F. Identification of epidermal growth factor 
receptors in a hyperproducing human epidermoid carcinoma celt. Uqs^J- ,wm. 
Chem., 254.8083-8036, 1979. 

26. Ghosh-Dastidar, P„ Coty, W. A., Griest, R. E., Woo, D. D„ and Fox, C. F. 
Progesterone receptor subunits are high-affinity substrates for phosphoryla- 
tion by epidermal growth factor receptor. Proc. Natl. Acad. Sci. USA, 8S: 
1654-1658, 1984. 

27. Bradford. M. M. A rapid and sensitive method for the quantitation of protein 
utilizing the principle of protein-dye binding. AnaL BtochemJ 72: 248-254 
1976. 

28. Munson, P. and Pollard, D. Ligand: a versatile computerized approach 
for characterization of ligand-binding systems. Anal. BiocbenL, !07: 220- 
239, 1980. 

29. Greenwood, F. C, Hunter, W. M., and Glover, J. S. The preparation of "'I- 
labelled human growth hormone of high specific radioactivity. Biochem. J„ 
89: 114-123, 1963. 

30. Hudziak, R. M., Schlessinger, J., and Ullrich, A. Increased expression of the 
putative growth factor receptor pi 85"?" causes transformation and tumor- 
igenesis of NIH 3T3 cells. Proc. Natl. Acad. Sci. USA, 84; 7158-7163, 1987. 

3 1 . Kearney, J. F., Radbruch, A., Liesegang, B., and Rajewsky, K. Anew mouse 
myeloma cell line that has lost immunoglobulin expression but permits the 
construction of antibody-secreting hybrid cell lines. J. Immunol., 123: 1548- 
1550, 1979. 

32. Oi, V., and Herzenberg, L. Immunoglobulin-producing hybrid cell lines. In: 
B. Mishcl qnd S. Schiigi (eds.). Selected Methods in Cellular Immunology, 
p. 351, San Francisco: W. J. Freeman Co., 1 980. 

33. Foung, S. K. H., Sasaki, D. T., Grumet, F. G, and Engelman, E. G. 
Production of functional human T-T hybridoroas in selection medium lacking 
aminopterin and thymidine. Proc Natl. Acad. Sci. USA, 79: 7484-7488, 
1982. . ' . ■ . ■ ■ 

34. Alewcod, P. F., Johns, R. B , and Valerio, R. M A simple preparation of £>- 
phospho-L-tyrosine. int. J. Methods Org. Chenu, /: 30-3 1 , 1 981. 

35. Potter. Humphrey, J. G., and Walter, J. L. Growth of primary plasma- 
cytomas in the - mineral oil conditioned peritoneal environment J. Natl. 
Cancer Inst., ,'o* 305r308,^1972. . » - ! 

36. Goding, J. W. Use of staphylococcal protein A as an immunological reagent. 
J. Immunol. Methods, 20: 241-253, 1978. 

37. Laemmli, U. K. Cleavage of structural proteins during assembly of the head 
of bacteriophage T4. Nature (Lond.), 227: 680-685, 1970. 

33. Hudziak, R. M., Lewis, G. D M Winget, M., Fenc'V, B. M., Shepard, H. M„ 
and Ullrich, A. plSS"^ monoclonal antibody has antiproliferative effects 
in vitro and sensitizes human breast tumor cells to tumor necrosis factor. 
Mol. Cell. BioU 9: 1 165-1 172, 1989. 

39. Wofsy, L., Henry, C^ Kiroura, J., and North, J. Modification and use of 
antibodies to label cell surface antigens. Irv B. Mishel and S. Schiigi (eds.), 
SeLcted Methods in Cellular Immunology, p. 287. San Francisco: W. J. 
Freeman Co., 1980. 

40. Hudziak, R. M., Lewis, G. D„ Shalaby, M. R., Eessalu, T. E„ Aggarwai, & 
B., Ullrich, A., and Shepard, H. M. Amplified expression of the HER2/ 
ERBB2 oncogene induces resistance to tumor necrosis factor a in NIH 3T3 
cells. Proc. Natl. *cad. Sci. USA, 55: 5102-5106, 1988. 

41. Kraus, C. R., Popescu, N. C. Amsbaugh, S. C, and King, C R. Overexpres- 
sion of the EGF receptor-related proto-oncogene er£>B-2 in human mammary 
tumor cell lines by diflerent molecular mechanisms. EM BO J., 67 605-610, 
1987. 

42. Gill, G. N., and Lazar, C. S. Increased phosphotyrosine content and inhibi- 
tion of proliferation in EGF- treated A43I cells. Nature (Lond.), 293: 305- 
307, 1981. 

43. Kawamoto, T., Sato, J. D., Le, A., PolikofT, J., Sato, G. H., and Mendelsohn, 
J. Growth stimulation of A43I cells by epidermal growth factor identifica- 
tion of high-affinity receptor for epidermal growth (actor by an anti-receptor 
monoclonal antibody. Proc. Natl. Acad. Sci. USA, 80: 1337-1341, 1983. 

44. Honegger, A. M., Dull, T. J.. Felder, S., Van Obberghen, E., Bellot, F., 
S?apary. D., Schmidt, A., LI Inch, A., and Schlessinger, J. Point mutation at 



1557 



M NOCLONAL ANTIBODIES; EGFR. HER2/«m/GtNE AND pl85 HEJtI 



45. 



the ATP binding sit? of EGF receptor abolishes protein-tyrosine kinase 
activity and alters cellular routing. Cell, 51: 199-209. 1987. 
Brachmann, R., Lindmiist, P., Nagashiraa, M., Kohr, W M Lipari, T., Napier, 
M., and Derynck, R. Transmembrane TGF-a precursors activate EGF/TGF- 
a receptors. Cell 56: 691-700, 1989. 

46. Fernandez-Pol, J. A. Epidermal growth factor receptor of A431 cells (char- 
acterization of a monoclonal anti-receptor antibody noncompetitive agonist 
of epidermal growth factor action). J. Biol. Chem., 260: 5003-501 1, 1985. 

47. Le Pendu, J., Fredman, P., Riehter.N. D., Magnani, J. L., Willingham, M. 
C, Pastan, 1., Oriol, R., and Ginsburg, V. Monoclonal antibody 101 that 
precipitates the glycoprotein receptor for the epidermal growth factor is 
directed against the Y antigen, not the H type 1 antigen. Carbohydr. Res.. 
141: 347-349, 1985. 

48. Parker, P. J., Young, S., Gullick, W. J., Mayes, E. L. V., Bennett, P., and 
Waterfietd, M. D. Monoclonal antibodies against the human epidermal 
growth factor receptor from A43I cells: Lxilation, characterization and use 
in purification of active EGF receptor. J. Biol. Chem., 259: 9906-9912, 
1984. 

Waterfield, M. D., Mayes, E. L. V., Stroobant, P., Bennet, P. L. P., Young, 
S., Goodfetlow, P. N., Banting, G. S., and Ozanne, B. A monoclonal antibody 



49. 



to the human epidermal growth factor receptor. J. Biol. Chem., 20: 149- 
161, 1982. 

50. Schechter, A. L., Stern, D. F., Vaidyanathan, L., Decker, S. J., Drebin, J. 
A., Greene, M. 1„ and Weinberg, R. A. The neu oncogene: an erft-B-retated 
gene encoding a 185,000-Af r tumour antigen. Nature (Lond.), 512: 513-516, 
1984. 

51. Drebin, J. A., Stern, D. F., Link, V. C, Weinberg, R. A., and Greene, M. I. 
Monoclonal antibodies identifying a cell-surface antigen associated with an 
activated cellular oncogene. Nature (Lond.), 3i2: 545-548, 1984. 

52 van de Vijer, M. J., Perterse, J. L., Mooi, W. J., Wisman, P., Lomans, J., 
Dalesio, O., and Nusse, R. /Wir-protein overexpression in breast cancer. 
Association with comedo-type d'icta! carcinoma in situ and limited prognostic 
value in stage 1! breast cancer. N. Engl. J. Meet, 519: 1239-1245; 1988. 

53. Lhroeb, E., Glazer, L., Segal, D M Schtessinger, J*, and Shilo, B-Z. The 
Drosophita EGF receptor gene homolog: conservation of both hormone 
binding and kinase domains. Cell, 40: 599-607, 1985. 

54. Wadsworth, S. C, Vincent, W. S., HI, and Bilodeau-Wentwortb, D. A 
Drosophita genomic sequence with homology to human epidermal growth 
factor receptor. Nature (Lond.), 314: 178-180, 1985. 

55. Sato, J. D., Kawamoto, T., Le, A. D., Mendelsohn, J., Polikoff, J., and Sato, 
G. H. Biological effects in vitro of monoclonal antibodies to human EGF 
receptors. Mol. Biol. Med., /: 51 1-529, 1983. 



1558 



STIC-ILL 



From: Holleran, Anne 

Sent: Monday, October 27, 2003 12:51 PM 

To: STIC-ILL 

Subject: ref. for 09/602,800 



Please send copies of the following papers: 

1. Reese Proc. Am. Assoc. Cancer Res. (1996) 37: 51 (abst. 353) 



Anne Holleran 
AU: 1642 
Tel: 308-8892 
RM: 8e03 



mailbox: 8e12 



BIOLOGY 



#350 , Wednesday, April 24, 1996, 1:00-5:00, Poster Section 4 

Reduced concentrations of signal transducing effector molecules in multistage lung 
carcinogenesis in mice. Pamela L. Rice, Lori D. Dwyer-Nield, Anita C. K. Miller, 
Andrius Kazlauskas and Al Malkinson, University of Colorado Health Sciences Center, 
School of Pharmacy, Molecular and Environmental Toxicology Program, University of 
Colorado Cancer Center, and National Jewish Center for Respiratory Immunology, 
Denver, CO. 

EGF and PDGF bind to their respective receptors to elicit a series of tyrosine 
phosphorylation events that recruit signal transduction molecules to the receptors, 
activate ras, and elevate transcription of growth-related genes. Altered signal transduc- 
ing pathways are a hallmark of carcinogenesis. A mutation in K-ras is the initiating 
lesion in mouse lung tumorigenesis. Decreased concentrations, as assessed by immu- 
noblotting, of the following were found in benign and malignant lung tumors: EGF-R, 
PDGFR-a, ras-GAP, protein kinase C-a, and calpain II. Studies performed on cell lines 
isolated from mouse lung epithelium correspond to these in vivo results. The non- 
tumorigenic line, E10, contained more of each of these same signal transducing 
molecules than its spontaneous transformant, E9. This supports the theory that as cells 
become transformed they lose the ability to respond to extracellular regulatory signals. 
(Supported by ES02370 and CA33497.) 



#351 Wednesday, April 24, 1996, 04:10-04:25, Room 31 

Environmental stresses signal apoptosis through a ceramide-initiated sapk/jnk- 
mediated cascade. M. Verheij, R. Bose, X.H. Lin, B. Yao, W.D. Jarvis, S. Grant, M.J. 
Birren E. Szahn L, I. Zc- J. M. Kyrialris, A. Kaimovitz-Friedman, Z. Fuks and R.N. 
Kolesnick, Department of Radiation Oncology and Laboratory of Signal Transduction, 
Memorial Sloan-Kettering Cancer Center, New York, NY 10021: 

Recent evidence suggests that tumor necrosis factor a (TNFa), Fas and ionizing 
radiation signal through the sphingomyelin pathway to induce apoptosis. The sphingo- 
myelin pathway is initiated by hydrolysis of plasma membrane sphingomyelin ,to 
generate ceramide by the action of a sphingomyelinase. Ceramide serves as a second 
messenger stimulating a cascade of kinases and transcription factors that activate a final 
common pathway of programmed cell death. We have tested a variety of cellular stress 
factors for their effect on ceramide levels and subsequent induction of apoptosis. U937 
human monoblastic leukemia and bovine aortic endothelial cells were treated with 
ionizing radiation (10 Gy). ultraviolet radiation C (10,000 mJ/cm 2 ), H 2 0 2 (1 mM), heat 
shock (45°C) or TNFa (10 nKl). This panel of stresses produced within seconds to 
minutes significant (p < 0.05) elevations of cellular ceramide levels in a dose- 
dependent manner. Ceramide remained elevated for at least 30 minutes and there was 
a concomitant quantitative reduction in cellular sphingomyelin content. Apoptotic DNA 
degradation and typical morphological changes of apoptosis appeared as soon as 6 hours 
after stimulation and were time- arid dose-dependent. Apoptosis was specific for 
ceramide as the cell-permeable synthetic ceramide analog C2-ceramide mimicked this 
effect, whereas synthetic analogs of other potential lipid second messengers were 
ineffective in inducing an apoptotic response. These findings suggest that a variety of 
extracellular stress agents employ a common signaling pathway to trigger apoptosis in 
both proliferating and non-proliferating cells. 



#352 Wednesday, April 24, 1996, 1:00-5:00, Poster Section 4 

Phospholipase C p, in the nucleus: Its key role in cell division. Lucio Cocco, R. 
Stewart Gilmour* and Francesco A. Manzoli Institute of Anatomy, University of 
Bologna, Italy and AFRC Babraham Institute, Cambridge, England*. 

Besides the membrane localisation also the nucleus shows to be site for both synthesis 
and hydrolysis of the phosphorylated forms of phosphatidylinositol. Previous observa- 
tions have assigned a role to PLC 0, in IGF-I stimulated cell growth in that the nuclear 
PLC 0i is rapidly and transiently activated inducing increased diacylglycerol generation 
and translocation of protein kinase C a to the nucleus. Using Swiss 3T3 cells stably 
transfected with an antisense PLC 0j construct the knock-out of the PLC 0 t gene 
induces both a loss of the nuclear enzyme, as determined by Western Blots and a loss 
of the mitogenic responsiveness to. IGF-I. On the contrary, overexpression of nuclear 
PLC 0, in stably transfected Swiss 3T3 cells increases dramatically both the phospho- 
lipase C activity and the mitogenic responsiveness to IGF-I. All in all these data show 
a direct relationship between nuclear PLC 0i evoked signals and IGF-I induced cell 
growth and indicate PLC (3 { as a key element of the nuclear autonomous signalling 
leading to the onset of DNA synthesis induced by growth factors acting at the plasma 
membrane through tyrosine kinase receptors. ' • 

L.C. is supported by Italian CNR PF ACRO. 



#353 Sunday, .April 21, 1996, 1:00-5:00, Poster Section 12 

EfTects of the 4D5 antibody on H£R2/neu heterodimerization with other class I 
receptors in human breast cancer cells. Reese D, Arboleda J, Twaddell J, Akita R*, 
Sliwkowski M*. Slamon D. Division of Hematology/Oncology, UCLA School of Med- 
icine, Los Angeles, CA, *Genentech, Inc. South San Francisco, CA. 

Overexpression of the HER2/neu oncogene correlates with a poor prognosis in human 
breast and ovarian cancer and likely plays a role in the pathogenesis of these diseases. 
To examine HER2 signal transduction, we studied the effects of the EGF and heregulin 
families of ligands as well as anti-HER2 antibodies on human breast cancer cells which 
overexpress HER2. Heregulin induces transient tyrosine phosphorylation of HER2, 



HER3, and HER4, while EGF and TGFcr induce phosphorylation of EGFR, HER2, and 
HER3. The anti-HER2 antibodies 4D5 and 7C2 induce prolonged phosphorylation of 
HER2 only. In addition, HER2 forms receptor heterodimer pairs with EGFR, HER3, 
and HER4 as demonstrated by co-immunoprecipitation and receptor cross-linking 
studies. The anu-proliferative 4D5 antibody disrupts HER2 association with HER3 and 
HER4. These data support a model in which HER2 forms functional heterodimers with 
each of the other class I receptors; these interactions may be disrupted by the 4D5 
antibody, which may have effects on downstream signalling pathways. 



#354 Wednesday, April 24, 1996, 1:00-5:00, Poster Section 4 

The differential effects of perillyl alcohol on untransformed D27 vs. k-ras trans- 
formed B 12/13 pancreatic ductal epithelial cells. Stayrook, K.R., McKinzie, J.H., 
Ayoubi, A.S., and Crowell, P.L. Dept. of Biology, Indiana Univ.-Purdue Univ. at 
Indianapolis, Indianapolis, IN 46202. 

Due to the importance of prenylation for the function of many proteins involved in 
mitogenic signalling, including oncogenic Ras, inhibitors of prenylation are an attractive 
source of drugs for treatment of cancer. The monoterpene perillyl alcohol is an inhibitor 
of prenyl protein transferases and inhibits the prenylation of 21-26kDa small G proteins 
in both D27 and B 12/13 cells. Perillyl alcohol also inhibits the growth of D27 and 
B 12/13 cell lines with IC 50 values of 260 pM and 150 pM, respectively. However, this 
inhibition of protein prenylation and cell growth occurs to a greater extent in B 12/13 
cells than in D27 cells. B 12/13 cells exhibit only 55% of control cell growth while D27 
cells maintain 80% of control cell growth when treated with 100 uM peril! yl alaohc!. 
To assess wliethcf iniiibiiion of B 1 2/ 13 cell growth is due to decreased function of Ras, 
we measured Ras farnesylation, Ras GTP/GDP ratios, and ERK1/2 activity. 30 pM 
lovastatin inhibited Ras farnesylation whereas 100-500 pM perillyl alcohol did not. 
Similarly, 30 pM lovastatin decreased the percentage of GTP-bound Ras to 10.3% as 
compared to 19.5% in the untreated control, but perillyl alcohol had no effect on the 
percentage of GTP-bound Ras. In contrast, neither perillyl alcohol nor lovastatin had 
any effect upon ERKI/2 activity in B 12/13 cells. In conclusion, perillyl alcohol does 
inhibit protein prenylation in pancreatic cells but it seems that Ras farnesylation is not 
affected by the drug. Differential effects of perillyl alcohol in this pair of cell lines may 
be due instead to perillyl alcohol-induced apoptosis, since perillyl alcohol increases 
apoptosis 8-fold in pancreatic carcinoma cells. Support: NIHCA64297. 



#355 Wednesday, April 24, 1996, 1:00-5:00, Poster Section 4 

Expression of PKC isoforms in B16F10 tumor cells in vitro and in vivo. Szalay, J., 
Bhati, R., Bruno, P., Pathak, S., t Rotenberg, S., Ganjian, P., Depts. Biology & f Chem- 
istry, Queens College, Kissena Blva\ Flushing NY 11367 

Irnmunocytochemistry was used to examine the expression and cellular localization 
of nine PKC isoforms in cultured B16F10 melanoma cells, subcutaneous (SC) tumors 
and lung metastases. Using at least 8 assay s/isoform, the percent of samples showing 
positive expression of each isoform was determined. Cultured cells expressed PKC 
alpha, beta 1, beta 2, delta, gamma, epsilon, eta, theta and zeta in 75-100% of the assays 
performed. Some isoforms appeared to be uniformly dispersed throughout the cyto- 
plasm, others appeared to be concentrated in peri- or intra-nuclear locations, in 1-2 
discrete areas immediately adjacent to the nucleus, or within elongated cytoplasmic 
processes. In SC tumors PKC alpha, beta 1, beta 2, gamma, delta, epsilon, eta and zeta 
were expressed in 50-93% of the assays, while theta was expressed. in only 33% of the 
assays. Most lung metastases showed little or no expression of PKC isoforms. Alpha, 
beta 1, zeta, epsilon and theta were expressed in 22-45% of the assays; and expression 
of gamma, delta, eta, and theta was not observed. PKC isoform expression was also 
examined using i mm u nob lotting techniques, and the results compared with those 
obtained using immunocytochemistry. In summary, B 16F10 melanoma cells are capable 
of expressing all PKC isoforms examined, but in vivo expression depends 1 upon the 
location of the tumor and other unidentified parameters. 



#356 Wednesday, April 24, i996, 02:25-02:40, Room 31 

Activation of protein kinase C (PKC) isozymes inhibits cell cycle progression, 
modulates phosphorylation of the retinoblastoma (Rb) protein, and induces ex- 
pression of p21 w » fl/c, P 1 in intestinal epithelial cells. Frey, M R., Zhao, X., Evans, S.S., 
Black, J.D. Roswell Park Cancer Institute, Buffalo, NY, 14263. 

Previous studies in this laboratory support a role for PKC isozymes in control of 
post-mitotic events in the intestinal epithelium in situ (J. Cell Biol. ^26, 747-763, 1994). 
Using the DEC- 18 immature intestinal epithelial ceH line as a model system, we have 
explored the role of PKC isozymes in control of intestinal epithelial cell growth and cell 
cycle progression. In these cells, treatment with phorbol ester resulted in activation of 
PKC a, 5 and e, concomitant with transient inhibition of cell cycle progression in Gj 
and G 2 /M, as measured by flow cytometry. Reversal of cell cycle arrest was coincident 
with downregulation of PKC a and S. Treatment of IEC-18 cells with dioctanoyl-1,2- 
jn-glycerol, which does not downregulate PKC a and 6 under the conditions used, 
produced a sustained inhibition of cell cycle progression. To explore the molecular 
pathways by which PKC isoforms interact with and modulate IEC-18 cell cycle control 
mechanisms, the effects of PKC activation on Rb protein phosphorylation/activity and 
p 2 l wafi/ct P i cxpress i on m r£C-18 cells were determined. PKC activation resulted in the 
appearance of the underphosphorylated, growth-suppressive form of Rb, and in the 
rapid accumulation of the cyclin-dependent kinase inhibitor p21 w " fl/cipI . Maintenance 
of these effects coincided with the presence of active PKC a and 5 in the cells. Taken 
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